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Valuation of Human Health
and Welfare Effects of 
Criteria Pollutants

7KLV# DSSHQGL[# GHVFULEHV# WKH# GHULYDWLRQV#RI# WKH IRXQGDWLRQ#RI/#DQG#JHQHUDO#DSSURDFK#WR/#YDOXLQJ#WKH
HFRQRPLF#YDOXDWLRQV#IRU#KHDOWK#DQG#ZHOIDUH#HQGSRLQWV EHQHILWV#RI#LPSURYHG#DLU#TXDOLW\1##
FRQVLGHUHG#LQ#WKH#EHQHILWV#DQDO\VLV1##,W#LQFOXGHV#WKUHH
SULPDU\#VHFWLRQV1##)LUVW/#ZH#LQWURGXFH#WKH#PHWKRG#IRU (FRQRPLVWV#HTXDWH#WKH#GROODU#YDOXH#RI#D#EHQHILW#WR
PRQHWL]LQJ# LPSURYHPHQWV# LQ# KHDOWK# DQG# ZHOIDUH1 WKH#OHYHO#RI#ZHOO0EHLQJ#DQ#LQGLYLGXDO#HQMR\V#IURP#WKH
6HFRQG/#ZH#VXPPDUL]H#GROODU#HVWLPDWHV#XVHG#WR#YDOXH SURYLVLRQ# RU# FRQVXPSWLRQ# RI# D# SDUWLFXODU# JRRG# RU
EHQHILWV#DQG#RXWOLQH#WKH#GHULYDWLRQ#RI#HDFK#HVWLPDWH1 FRPSRVLWH#JRRG# +L1H1/#EXQGOH#RU#PL[#RI#JRRGV,1# #$
9DOXDWLRQ#HVWLPDWHV#ZHUH#REWDLQHG#IURP#WKH#OLWHUDWXUH IXQGDPHQWDO#DVVXPSWLRQ# LQ#HFRQRPLF#WKHRU\# LV#WKDW
DQG# UHSRUWHG# LQ#GROODUV#SHU#FDVH#DYRLGHG# IRU#KHDOWK LQGLYLGXDOV#FDQ#WUDGH#EHWZHHQ#GLIIHUHQW#FRQVXPSWLRQ
HIIHFWV/#DQG#GROODUV#SHU#XQLW#RI#DYRLGHG#GDPDJH# IRU OHYHOV# RI# WKHVH# JRRGV/# VHUYLFHV/# RU# PRQH\/# DQG
ZHOIDUH#HIIHFWV1#(FRQRPLF#YDOXDWLRQV#DUH#FKDUDFWHUL]HG PDLQWDLQ# WKH# VDPH# OHYHO#RI#ZHOIDUH1# #7\SLFDOO\/# WKLV
LQ# WHUPV# RI# D# FHQWUDO# +SRLQW,# HVWLPDWH# DV#ZHOO# DV# D ZLOOLQJQHVV#WR#WUDGH0RII#EHWZHHQ#JRRGV#LV#PHDVXUHG#DV
SUREDELOLW\#GLVWULEXWLRQ#ZKLFK#UHIOHFWV#WKH#XQFHUWDLQW\ ZLOOLQJQHVV# WR# SD\# +:73,# RU#ZLOOLQJQHVV# WR# DFFHSW
DURXQG# WKH#FHQWUDO#HVWLPDWH1# #7KLUG/#ZH#SUHVHQW# WKH FRPSHQVDWLRQ#+:7$,1##7KHVH#PHDVXUHV#DUH#HVVHQWLDOO\
UHVXOWV#RI#WKH#HFRQRPLF#EHQHILWV#DQDO\VLV1##$OO#GROODU GROODU# HTXLYDOHQWV# WR# FKDQJHV# LQ# WKH# OHYHO# RI
YDOXHV# DUH# LQ# 4<<3# GROODUV1# # 7KLV# WKLUG# VHFWLRQ FRQVXPSWLRQ# RI# D# JRRG# RU# VHUYLFH# VR# WKDW# WKH
FRQFOXGHV#ZLWK#DQ#H[SORUDWLRQ#RI#WKH#XQFHUWDLQWLHV#LQ LQGLYLGXDO#PDLQWDLQV#WKH#VDPH#OHYHO#RI#ZHOO0EHLQJ1##,Q
YDOXLQJ#WKH#EHQHILWV#DWWULEXWDEOH#WR#WKH#&$$$1## RWKHU#ZRUGV/#WKH#LQGLYLGXDO#LV#LQGLIIHUHQW#EHWZHHQ#KLV

Methods Used to Value Health
And Welfare Effects

7KH#JHQHUDO#DSSURDFK#WR#EHQHILWV#DQDO\VLV#LQYROYHV
D# WKUHH0VWHS#SURFHVV³# +L,# LGHQWLILFDWLRQ#RI#SRWHQWLDO
SK\VLFDO# HIIHFWV# +L1H1/# LQGLYLGXDO# KHDOWK# DQG# ZHOIDUH
HQGSRLQWV,>#+LL,#TXDQWLILFDWLRQ#RI#VLJQLILFDQW##HQGSRLQWV>
DQG#+LLL,#PRQHWL]DWLRQ#RI#EHQHILWV1##7KH#ILUVW#WZR#VWHSV/
LGHQWLILFDWLRQ#DQG#TXDQWLILFDWLRQ#RI#SK\VLFDO#HIIHFWV/#DUH
GHVFULEHG#LQ#$SSHQGL[#'/#+XPDQ#+HDOWK#DQG#:HOIDUH
(IIHFWV# RI# &ULWHULD# 3ROOXWDQWV1# # 7KH# WKLUG# VWHS# LV
GHWDLOHG# LQ# WKLV#DSSHQGL[1# #0RQHWL]DWLRQ#RI#EHQHILWV
DWWULEXWHG# WR# WKH# &$$$# LQYROYHV# DSSO\LQJ# GROODU
HVWLPDWHV# REWDLQHG# IURP# HFRQRPLF# OLWHUDWXUH# WR
LQGLYLGXDO#KHDOWK#DQG#ZHOIDUH#HQGSRLQWV#UHOHYDQW#IRU
WKH# ;45# SURVSHFWLYH# DQDO\VLV1# # $V# FRQWH[W# WR
XQGHUVWDQGLQJ# WKH# PHWKRGRORJ\# IRU# WUDQVIHUULQJ
HVWLPDWHG# YDOXHV# RI# SK\VLFDO# HIIHFWV/# WKLV# VHFWLRQ
SURYLGHV#D#EULHI#GLVFXVVLRQ#RI#WKH#WKHRUHWLFDO#HFRQRPLF

RU#KHU#FXUUHQW#EXQGOH#RI#JRRGV#DQG# WKH#DOWHUQDWLYH
EXQGOH#RI#JRRGV1#

:KLOH#:73#DQG#:7$#UHSUHVHQW#DQ# LQGLYLGXDO*V
RZQ#DVVHVVPHQW#RI#WKH#GROODU#YDOXH#RI#EHWWHU#KHDOWK/
WKH\#DUH#QRW#QHFHVVDULO\#HTXLYDOHQW#PHDVXUHV1 ##:73/4

LQ#WKH#FDVH#RI#KHDOWK/#LV#WKH#ODUJHVW#DPRXQW#RI#PRQH\
D#SHUVRQ#ZRXOG#SD\# WR#REWDLQ#DQ# LPSURYHPHQW# +RU
DYRLG# D# GHFOLQH,# LQ# KHDOWK1# #:KHQ# IDFHG#ZLWK# WZR

#7KH#PHDVXUHV#GLIIHU#IRU#VHYHUDO#UHDVRQV1##)RU#H[DPSOH#WKH4

PHDVXUHV# KDYH# GLIIHUHQW# SRLQWV# RI# # UHIHUHQFH# IURP# ZKLFK# WR
HYDOXDWH#FKDQJHV#LQ#ZHOIDUH1##:73*V#UHIHUHQFH#SRLQW#LV#WKH#OHYHO#RI
XWLOLW\#ZLWKRXW#WKH# LPSURYHPHQW1# #:7$*V#UHIHUHQFH#SRLQW# LV#WKH
OHYHO#RI#XWLOLW\#ZLWK#WKH#LPSURYHPHQW1#0RUHRYHU/#WKH#PHDVXUHV#KDYH
GLIIHUHQW#XSSHU#ERXQG#FRQVWUDLQWV1##:73#PHDVXUHV#ZKDW#D#SHUVRQ
ZRXOG#SD\#WR#REWDLQ#EHWWHU#KHDOWK#DQG# LV#ERXQG#E\#WKH#SHUVRQ*V
ZHDOWK#DQG#LQFRPH1##:7$/#RQ#WKH#RWKHU#KDQG/#PHDVXUHV#ZKDW#D
SHUVRQ#PXVW#EH#SDLG#WR#IRUHJR#EHWWHU#KHDOWK1##:7$#GRHV#QRW#KDYH
DQ# XSSHU# ERXQG/# EXW# LW# PXVW# EH# DW# OHDVW# DV# ODUJH# DV# :731
(FRQRPLVWV/# KRZHYHU/# GR# QRW# H[SHFW# VLJQLILFDQW# GLIIHUHQFHV
EHWZHHQ#:73# DQG#:7$# ZKHQ# WKH# GROODU# DPRXQWV# DUH# VPDOO
UHODWLYH#WR#WKH#LQGLYLGXDO*V#ZHDOWK#DQG#LQFRPH1
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RSWLRQV/#WR#HLWKHU#+4,#SD\#D#FHUWDLQ#GROODU#DPRXQW#WR SUREOHPV1##,Q#WKHRU\/#WKH#WRWDO#VRFLDO#YDOXH#DVVRFLDWHG
HQMR\# WKH# KHDOWK# LPSURYHPHQW# RU# +5,# DEVWDLQ# IURP ZLWK#WKH#GHFUHDVH#LQ#ULVN#LV#
SD\LQJ# WKH# GROODU# DPRXQW# DQG# QRW# H[SHULHQFH# WKH
KHDOWK#LPSURYHPHQW/#WKH#LQGLYLGXDO#IHHOV#HLWKHU#FKRLFH
SURYLGHV#WKH#VDPH#GHJUHH#RI#ZHOO0EHLQJ1##$OWHUQDWLYHO\/
ZLOOLQJQHVV# WR# DFFHSW# FRPSHQVDWLRQ# +:7$,# LV# WKH ZKHUH# +QXPEHU# RI# XQLWV# RI# ULVN# UHGXFWLRQ, # LV# WKH
VPDOOHVW#DPRXQW#RI#PRQH\#D#SHUVRQ#ZRXOG#YROXQWDULO\ QXPEHU#RI#XQLWV#RI#ULVN#UHGXFWLRQ#FRQIHUUHG#RQ#WKH#LWK
DFFHSW#DV#FRPSHQVDWLRQ#WR#IRUHJR#DQ#LPSURYHPHQW/#RU H[SRVHG# LQGLYLGXDO# DV# D# UHVXOW# RI# WKH# SROOXWLRQ
HQGXUH#D#GHFOLQH/#LQ#KHDOWK1##7KH#LQGLYLGXDO#IHHOV#WKDW#WR UHGXFWLRQ/# +:73#SHU#XQLW# ULVN# UHGXFWLRQ, # LV# WKH# LWK
DFFHSW# WKH# SD\PHQW# DQG# QRW# H[SHULHQFH# WKH# KHDOWK LQGLYLGXDO·V#ZLOOLQJQHVV#WR#SD\#IRU#D#XQLW#ULVN#UHGXFWLRQ/
LPSURYHPHQW# RU# UHIXVH# WKH# FRPSHQVDWLRQ# DQG DQG#1# LV# WKH#QXPEHU#RI#H[SRVHG# LQGLYLGXDOV1# #7KH
H[SHULHQFH# LPSURYHG# KHDOWK#ZLOO# SURYLGH# WKH# VDPH XQLWV#DUH#LQ#WHUPV#RI#FDVHV#UHGXFHG#SHU#XQLW#RI#WLPH
GHJUHH#RI#ZHOO0EHLQJ1# #,Q#SUDFWLFH/#:73# LV#JHQHUDOO\ +XVXDOO\#RQH#\HDU,1##
XVHG# WR# YDOXH#EHQHILWV#EHFDXVH# LW# LV#RIWHQ# HDVLHU# WR
PHDVXUH#DQG#TXDQWLI\1 ##,Q#WKLV#UHSRUW/#ZH#UHIHU#WR#DOO 8VLQJ#PRUWDOLW\#ULVN#DV#DQ#H[DPSOH/#VXSSRVH#WKDW5

YDOXDWLRQ#HVWLPDWHV#DV#:73#YDOXHV/#HYHQ#WKRXJK#WKH D# JLYHQ# UHGXFWLRQ# LQ# 30# FRQFHQWUDWLRQV# UHVXOWV# LQ
XQGHUO\LQJ#HFRQRPLF#YDOXDWLRQ#OLWHUDWXUH#LV#EDVHG#RQ ORZHULQJ#WKH#ULVN#RI#GHDWK#E\#4243/333#SHU#\HDU1##7KHQ
VWXGLHV#ZKLFK# HOLFLWHG# H[SUHVVLRQV# RI#:73# DQG2RU IRU#HYHU\#43/333#LQGLYLGXDOV/#RQH#OHVV#GHDWK#ZRXOG#EH
:7$1 ## H[SHFWHG#LI#DPELHQW#30#FRQFHQWUDWLRQV#DUH#UHGXFHG16

,Q# WKH#FRQWH[W#RI#FRVW0EHQHILW#DQDO\VLV/#:73# LV PRUWDOLW\# ULVN# LV# '833# +DVVXPLQJ/# IRU# QRZ/# WKDW# DOO
XVHIXO# IRU# HVWLPDWLQJ# WKH#PRQHWDU\# YDOXH# RI# QRQ0 LQGLYLGXDOV·#:73V#DUH#WKH#VDPH,/#WKHQ#WKH#YDOXH#RI#D
PDUNHW/#SXEOLF#JRRGV1##$#PDMRU#FKDUDFWHULVWLF#RI#SXEOLF VWDWLVWLFDO#OLIH#LV#43/333#[#'833/#RU#'8#PLOOLRQ1#
JRRGV# LV# WKDW# WKH\# DUH# QRQULYDO# +L1H1/# RQH# SHUVRQ*V
FRQVXPSWLRQ#RI#WKH#JRRG#GRHV#QRW#UHGXFH#WKH#DPRXQW :KLOH#WKH#HVWLPDWLRQ#RI#:73#IRU#D#PDUNHW#JRRG
DYDLODEOH# WR# RWKHUV,1# # ,Q# WKH# FDVH# RI# KHDOWK0UHODWHG +L1H1/# WKH#HVWLPDWLRQ#RI#D#GHPDQG#VFKHGXOH,# LV#QRW#D
LPSURYHPHQWV# GXH# WR# HQYLURQPHQWDO# TXDOLW\/# WKH VLPSOH# PDWWHU/# WKH# HVWLPDWLRQ# RI# :73# IRU# D
EHQHILWV#DUH#DOVR#QRQH[FOXVLYH1##%HQHILWV#DUH#QRW#+DQG QRQPDUNHW# JRRG/# VXFK# DV# D#GHFUHDVH# LQ# WKH# ULVN#RI
WR#VRPH#H[WHQW/#FDQQRW#EH,#UHJXODWHG1##$V#D#UHVXOW/#WKH KDYLQJ# D# SDUWLFXODU# KHDOWK# SUREOHP/# LV# VXEVWDQWLDOO\
EHQHILWV#DUH#DFWXDOO\#UHGXFWLRQV#LQ#WKH#SUREDELOLWLHV#RU PRUH#GLIILFXOW1##(VWLPDWLRQ#RI#:73#IRU#GHFUHDVHV#LQ
ULVN#RI#HQGXULQJ#FHUWDLQ#KHDOWK# YHU\#VSHFLILF#KHDOWK#ULVNV#+H1J1/#:73#WR#GHFUHDVH#WKH

L

L

,I#DQ#LQGLYLGXDO*V#:73#IRU#WKLV#4243/333#GHFUHDVH#LQ

ULVN#RI#D#GD\#RI#FRXJKLQJ#RU#:73#WR#GHFUHDVH#WKH#ULVN
RI#DGPLVVLRQ#WR#WKH#KRVSLWDO#IRU#D#UHVSLUDWRU\#LOOQHVV,
LV# IXUWKHU# FRPSOLFDWHG# E\# VHYHUDO# IDFWRUV/# VXFK# DV
ZHDOWK/#LQFRPH/#DJH/#SUH0H[LVWLQJ#KHDOWK#LPSDLUPHQWV/
RU# RWKHU# SHUVRQDO# FKDUDFWHULVWLFV1# #7KHUH# DUH#PDQ\
SROLF\# FRQWH[WV# ZKHUH# GLVWLQJXLVKLQJ# DPRQJ#:73
HVWLPDWHV# EDVHG# RQ# FDWHJRULFDO# GLIIHUHQFHV# +H1J1/
GLVWLQJXLVKLQJ#EHWZHHQ#:73#RI#D#ORZ0LQFRPH#JURXS
DQG#D#KLJK0LQFRPH#JURXS,#LV#FRQWURYHUVLDO1##*LYHQ#WKH
FRQVLGHUDWLRQ# RI# WKHVH# LQIOXHQFLQJ# IDFWRUV# DQG# WKH
OLPLWDWLRQV#RQ# LQIRUPDWLRQ# DYDLODEOH# IRU#GHYHORSLQJ
:73# HVWLPDWHV/#(3$# VRXJKW# WR# GHYHORS# WKH#PRVW
DSSURSULDWH# DQG# DFFXUDWH# HVWLPDWHV# SRVVLEOH1
'HULYDWLRQV#RI#WKH#GROODU#YDOXH#HVWLPDWHV#IRU#WKLV#VWXG\
DUH#GLVFXVVHG#EHORZ1

,W#LV#ZRUWK#QRWLQJ#WKDW#WKH#DSSURSULDWHQHVV#RI#HLWKHU#:73#RU5

:7$#DOVR#GHSHQGV#RQ#SURSHUW\#ULJKWV1# #,Q# WKH#FDVH#RI#D#SROLF\
DLPHG# DW# UHGXFLQJ# H[LVWLQJ# SROOXWLRQ# OHYHOV/# D# :73# PHDVXUH
LPSOLFLWO\#DVVXPHV#WKDW#WKH#SURSHUW\#ULJKWV#UHVW#ZLWK#WKH#SROOXWLQJ
ILUP1# $OWHUQDWLYHO\/#:7$#PHDVXUHV# LPSOLFLWO\# DVVXPH# WKDW# WKH
SURSHUW\#ULJKWV#UHVW#ZLWK#WKH#SXEOLF1##+&DUVRQ#DQG#0LWFKHOO/#4<<61,

,Q#VRPH#FDVHV#+H1J1/#KRVSLWDO#DGPLVVLRQV,/#QHLWKHU#:7$#QRU6

:73#HVWLPDWHV#DUH#DYDLODEOH1##,Q#WKRVH#FDVHV/#FRVW#RI#LOOQHVV#+&2,,
HVWLPDWHV# DUH# DSSOLHG# LQ# OLHX# RI#:73# YDOXHV1# # &2,# HVWLPDWHV
XQGHUVWDWH# WKH# WUXH# ZHOIDUH# FKDQJH# VLQFH# LPSRUWDQW# YDOXH
FRPSRQHQWV# +H1J1/#SDLQ#DQG#VXIIHULQJ#DVVRFLDWHG#ZLWK# WKH#KHDOWK
HIIHFW,#DUH#QRW#UHIOHFWHG#LQ#WKH#RXW0RI0SRFNHW#FRVWV#IRU#WKH#KRVSLWDO
VWD\1
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Valuation of Specific Health
Endpoints

6LQFH#WKH#6HFWLRQ#;45#&$$#UHWURVSHFWLYH#DQDO\VLV
(U.S. EPA 1997),# WKHUH# KDYH# EHHQ# VLJQLILFDQW
DGYDQFHV#PDGH#LQ#HFRQRPLF#YDOXDWLRQ#PHWKRGRORJLHV
IRU#ERWK#PRUWDOLW\#DQG#PRUELGLW\#HIIHFWV1##0XFK#RI#WKH
OLWHUDWXUH# SUHVHQWV# HPHUJLQJ# QHZ# DSSURDFKHV# IRU
FKDUDFWHUL]LQJ# WKH# HIIHFWV# RI# SRWHQWLDOO\# LPSRUWDQW
GHWHUPLQDQWV# RI# :73/# VXFK# DV# DJH/# LQFRPH/# ULVN
SHUFHSWLRQ/#DQG#FXUUHQW#KHDOWK# VWDWXV1# #'HVSLWH# WKLV
SURJUHVV/# PDQ\# RI# WKH# PRUH# UHFHQW# VWXGLHV# WHVW
WHFKQLTXHV#WKDW#DUH#LQ#WKH#GHYHORSPHQW#VWDJH#DQG#XVH
GDWD# IURP#ZRUN# UHYLHZHG# DQG# LQFRUSRUDWHG# LQ# WKH
6HFWLRQ# ;45# UHWURVSHFWLYH# DQDO\VLV1# # 7KLV# VHFWLRQ
UHYLHZV#WKH#VRXUFHV#DQG#PHWKRGRORJ\#XVHG#WR#GHULYH
:73#HVWLPDWHV#IRU#SUHPDWXUH#PRUWDOLW\#DQG#D#YDULHW\
RI#PRUELGLW\#HIIHFWV#YDOXHG#LQ#WKH#SUHVHQW#VWXG\1##,Q
DGGLWLRQ/# WKHUH#DUH#EULHI#GLVFXVVLRQV#RI#PRUH#UHFHQW
DGYDQFHV#UHOHYDQW#WR#SDUWLFXODU#HQGSRLQWV1##

Valuation of Premature Mortality
Avoided

7KH#HFRQRPLF#EHQHILWV#DVVRFLDWHG#ZLWK#SUHPDWXUH
PRUWDOLW\# ZHUH# WKH# ODUJHVW# FDWHJRU\# RI# PRQHWL]HG
EHQHILWV#LQ#WKH#6HFWLRQ#;45#&$$#UHWURVSHFWLYH#DQDO\VLV
+8161# (3$# 4<<:,1 # # ,Q# DGGLWLRQ/# (3$# LGHQWLILHG7

YDOXDWLRQ# RI# PRUWDOLW\# EHQHILWV# DV# WKH# ODUJHVW
FRQWULEXWRU#WR#WKH#UDQJH#RI#XQFHUWDLQW\#LQ#PRQHWL]HG
EHQHILWV1##%HFDXVH#RI#WKH#XQFHUWDLQW\#LQ#HVWLPDWHV#RI
WKH# YDOXH# RI# SUHPDWXUH# PRUWDOLW\# DYRLGDQFH/# LW# LV
LPSRUWDQW#WR#DGHTXDWHO\#FKDUDFWHUL]H#DQG#XQGHUVWDQG
WKH#YDULRXV# W\SHV#RI#HFRQRPLF#DSSURDFKHV#DYDLODEOH
IRU# PRUWDOLW\# YDOXDWLRQ1# # 6XFK# DQ# DVVHVVPHQW# DOVR
UHTXLUHV#DQ#XQGHUVWDQGLQJ#RI#KRZ#DOWHUQDWLYH#YDOXDWLRQ

DSSURDFKHV#UHIOHFW#WKDW#VRPH#LQGLYLGXDOV#PD\#EH#PRUH
VXVFHSWLEOH#WR#DLU#SROOXWLRQ0LQGXFHG#PRUWDOLW\1

7KH# KHDOWK# VFLHQFH# OLWHUDWXUH# RQ# DLU# SROOXWLRQ
LQGLFDWHV#WKDW#VHYHUDO#KXPDQ#FKDUDFWHULVWLFV#DIIHFW#WKH
GHJUHH#WR#ZKLFK#PRUWDOLW\#ULVN#DIIHFWV#DQ# LQGLYLGXDO1
)RU#H[DPSOH/#VRPH#DJH#JURXSV#DUH#PRUH#VXVFHSWLEOH#WR
DLU# SROOXWLRQ# WKDQ# RWKHUV# +H1J1/# WKH# HOGHUO\# DQG
FKLOGUHQ,1##+HDOWK#VWDWXV#SULRU#WR#H[SRVXUH#DOVR#DIIHFWV
VXVFHSWLELOLW\#²#DW#ULVN#LQGLYLGXDOV#LQFOXGH#WKRVH#ZKR
KDYH# VXIIHUHG# VWURNHV# RU# DUH# VXIIHULQJ# IURP
FDUGLRYDVFXODU# GLVHDVH# DQG# DQJLQD# +5RZODWW/# HW# DO1
4<<;,1

7R# UHIOHFW# WKH# IXOO# UDQJH# RI# NQRZOHGJH# RI# DLU
SROOXWLRQ0LQGXFHG# PRUWDOLW\/# DQ# LGHDO# HVWLPDWH# RI
PRUWDOLW\#ULVN#UHGXFWLRQ#EHQHILWV#ZRXOG#EH#DQ#H[#DQWH
ZLOOLQJQHVV# WR# SD\# +:73,# WR# LPSURYH# RQH·V# RZQ
FKDQFHV# RI# VXUYLYDO# SOXV# :73# WR# LPSURYH# RWKHU
LQGLYLGXDOV·#VXUYLYDO#UDWHV1 ##7KH#PHDVXUH#ZRXOG#WDNH8

LQWR#DFFRXQW#WKH#VSHFLILF#QDWXUH#RI#WKH#ULVN#UHGXFWLRQ
FRPPRGLW\#WKDW#LV#SURYLGHG#WR#LQGLYLGXDOV/#DV#ZHOO#DV
WKH#FRQWH[W#LQ#ZKLFK#ULVN#LV#UHGXFHG1##7R#PHDVXUH#WKLV
YDOXH/#LW#LV#LPSRUWDQW#WR#DVVHVV#KRZ#UHGXFWLRQV#LQ#DLU
SROOXWLRQ#UHGXFH#WKH#ULVN#RI#G\LQJ#IURP#WKH#WLPH#WKDW
UHGXFWLRQV# WDNH#HIIHFW#RQZDUG/#DQG#KRZ# LQGLYLGXDOV
YDOXH#WKHVH#FKDQJHV1##(DFK#LQGLYLGXDO·V#VXUYLYDO#FXUYH/
RU# WKH#SUREDELOLW\#RI#VXUYLYLQJ#EH\RQG#D#JLYHQ#DJH/
VKRXOG#VKLIW#DV#D#UHVXOW#RI#DQ#HQYLURQPHQWDO#TXDOLW\
LPSURYHPHQW1# # 7KDW# LV/# FKDQJLQJ# WKH# FXUUHQW
SUREDELOLW\#RI# VXUYLYDO# IRU# DQ# LQGLYLGXDO# DOVR# VKLIWV
IXWXUH#SUREDELOLWLHV#RI#WKDW#LQGLYLGXDO·V#VXUYLYDO1##7KLV
SUREDELOLW\#VKLIW#ZLOO#GLIIHU#DFURVV#LQGLYLGXDOV#EHFDXVH
VXUYLYDO#FXUYHV#DUH#GHSHQGHQW#RQ#VXFK#FKDUDFWHULVWLFV
DV#DJH/#KHDOWK#VWDWH/#DQG#WKH#FXUUHQW#DJH#WR#ZKLFK#WKH
LQGLYLGXDO#LV#OLNHO\#WR#VXUYLYH1##)RU#H[DPSOH/#)LJXUH#+0
4# LOOXVWUDWHV# KRZ# D# ULVN# UHGXFWLRQ# PD\# FKDQJH# D
VXUYLYDO#FXUYH#IRU#D#JLYHQ#SRSXODWLRQ1##,Q#WKLV#ILJXUH/
WKH#VROLG#OLQH#VKRZV#D#VXUYLYDO#FXUYH#IRU#ZKLWH#PDOHV/
IURP#&DOLIRUQLD#4<;3#OLIH#WDEOHV#+DGDSWHG#IURP#6HOYLQ/
4<<9,/#XS#WR#DJH#;31##7KH#GDVKHG#OLQH#VKRZV#WKDW#WKH
SUREDELOLW\#RI#VXUYLYDO#EH\RQG#D#JLYHQ#DJH# LQFUHDVHV
ZLWK#D#UHGXFWLRQ#LQ#PRUWDOLW\#ULVN1

$V#QRWHG#LQ#WKH#PHWKRGV#VHFWLRQ/#LW#LV#DFWXDOO\#UHGXFWLRQV#LQ7

PRUWDOLW\# ULVN# WKDW# DUH# YDOXHG# LQ# D#PRQHWL]HG# EHQHILW# DQDO\VLV1
,QGLYLGXDO#:73V#IRU#VPDOO#UHGXFWLRQV#LQ#PRUWDOLW\#ULVN#DUH#VXPPHG
RYHU#HQRXJK#LQGLYLGXDOV#WR#LQIHU#WKH#YDOXH#RI#D#VWDWLVWLFDO#OLIH#VDYHG1
7KLV#LV#GLIIHUHQW#IURP#WKH#YDOXH#RI#D#SDUWLFXODU/#LGHQWLILHG#OLIH#VDYHG1
7KH# ´YDOXH# RI# D# SUHPDWXUH# GHDWK# DYRLGHG/µ# WKHQ/# VKRXOG# EH #)RU#D#PRUH#GHWDLOHG#GLVFXVVLRQ#RI#DOWUXLVWLF#YDOXHV#UHODWHG#WR
XQGHUVWRRG#DV#VKRUWKDQG#IRU#´WKH#YDOXH#RI#D#VWDWLVWLFDO#SUHPDWXUH WKH#YDOXH#RI#OLIH/#VHH#-RQHV0/HH#+4<<5,1
GHDWK#DYRLGHG1µ

8
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Figure H-1
Hypothetical Survival Curve Shift

:KLOH#WKH#FKDQJH#LQ#D#VXUYLYDO#FXUYH#UHSUHVHQWV#D VKRZV#WKH#HIIHFW#RI#D#XQLIRUP#ULVN#UHGXFWLRQ/#DQG#DLU
FXPXODWLYH#HIIHFW#RI#D#FKDQJH# LQ#ULVN#RYHU#WLPH/#WKH SROOXWLRQ#FRQWUROV#PD\#KDYH#ULVN#UHGXFWLRQ#HIIHFWV#WKDW
DQQXDO#FKDQJH#LQ#ULVN#RI#GHDWK#UHSUHVHQWV#D#VWDWLF#HIIHFW YDU\#DFURVV#DJH#FRKRUWV1
RI#D#ULVN#UHGXFWLRQ1##$V#GLVFXVVHG#LQ#$SSHQGL[#'#LQ
JUHDWHU# GHWDLO/# WKH# LQVWDQWDQHRXV# ULVN# RI# GHDWK# DW# D $Q# DOWHUQDWLYH#ZD\# WR# YLHZ# WKH# DJH0GHSHQGHQW
VSHFLILF#DJH# LV#RIWHQ#XVHG#WR# LOOXVWUDWH#WKH#HIIHFWV#RI HIIHFW#RI#ULVN#UHGXFWLRQ#LV#WR#FRQVLGHU#FKDQJHV#LQ#WKH
FKDQJHV#LQ#ULVN1##7KH#DQQXDO#ULVN#RI#GHDWK#LV#UHODWHG#WR FXPXODWLYH#HIIHFW#RI#ULVN#DV#PHDVXUHG#E\#FKDQJHV#LQ
WKH#SUREDELOLW\#RI#VXUYLYDO#LQ#WKDW#LW#UHSUHVHQWV#WKH#UDWH UHPDLQLQJ#OLIH#H[SHFWDQF\1##5HPDLQLQJ#OLIH#H[SHFWDQF\
DW#ZKLFK#WKH#VXUYLYDO#SUREDELOLW\#FKDQJHV#DW#DQ\#JLYHQ LV#PHDVXUHG#DV#WKH#DYHUDJH#QXPEHU#RI#DGGLWLRQDO#\HDUV
DJH/#GLYLGHG#E\# WKH#SUREDELOLW\#RI#VXUYLYLQJ#EH\RQG H[SHFWHG# WR#EH# OLYHG#E\# WKRVH# LQGLYLGXDOV#DOLYH#DW#D
WKDW# DJH1# # )LJXUH#+05# VKRZV# KRZ# D# FRQVWDQW# ULVN JLYHQ#DJH/#DQG#GHULYHV#IURP#WKH#DUHD#XQGHU#WKH#VXUYLYDO
UHGXFWLRQ#UHGXFHV#DQQXDO#ULVN#RI#GHDWK#DFURVV#YDULRXV FXUYH#DW#DQ\#JLYHQ#DJH1##7KH#DJH0GHSHQGHQW#HIIHFWV#RI
DJH#FRKRUWV1##7KH#EDVHOLQH#ULVN#RI#GHDWK#LQFUHDVHV#ZLWK D#K\SRWKHWLFDO#FKDQJH#LQ#ULVN#DUH#SRUWUD\HG#LQ#)LJXUH
HDFK#FRKRUW#+VROLG#OLQH,1##$V#D#UHVXOW/#WKH#UHGXFWLRQ#LQ +061# #&RQVLGHU# WKH#HIIHFW#RI# ULVN# UHGXFWLRQ#RQ# WZR
ULVN# +LQ# WKLV# K\SRWKHWLFDO# H[DPSOH# D# FRQVWDQW# 58 FRKRUWV/#DJHG#43#\HDUV#DSDUW1##:KHQ#HDFK#FRKRUW#ZDV
SHUFHQW#UHGXFWLRQ,#ORZHUV#HDFK#FRKRUWV·#ULVN#OHYHO#DW#D DW#DJH#73#ERWK#KDG#WKH#VDPH#OLIH#H[SHFWDQF\#VKRZQ#LQ
GLIIHUHQW# UDWH1# # 7KH# HOGHUO\# H[SHULHQFH# D# JUHDWHU )LJXUH#+06#DV#SRLQW#$11##*LYHQ#D#ULVN#UHGXFWLRQ#LQ#WKH
UHGXFWLRQ#LQ#ULVN#WKDQ#\RXQJHU#FRKRUWV#DV#FDQ#EH#VHHQ IXWXUH#WKDW#RFFXUV#ZKHQ#RQH#FRKRUW#LV#DW#DJH#93#DQG
E\# WKH# LQFUHDVLQJ# GLIIHUHQFH#EHWZHHQ# WKH# VROLG# DQG WKH#RWKHU#DW#DJH#:3/#WKH#OLIH#H[SHFWDQF\#RI#WKH#93#\HDU
GDVKHG#OLQH1##,W#LV#LPSRUWDQW#WR#QRWH#WKDW#WKLV#H[DPSOH ROG# LQFUHDVHV# E\# WKH# DPRXQW# $1%1/# DQG# WKH# OLIH
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Figure H-3
Increase in 1990 Remaining Life Expectancy

Figure H-2
Change in 1990 Annual Risk of Death by 25 Percent
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H[SHFWDQF\#RI#WKH#:3#\HDU#ROG#LQFUHDVHV#E\#WKH#DPRXQW DVVHVVLQJ# WKH# HFRQRPLF# YDOXH# RI#PRUWDOLW\# EHQHILWV
$11%111##7KH#FKDQJH#LQ#OLIH#H[SHFWDQF\#LV#JUHDWHU#IRU DVVRFLDWHG#ZLWK#DLU#SROOXWLRQ#UHGXFWLRQ1##7KH#$JHQF\
WKH# \RXQJHU# FRKRUW# WKDQ# WKH# ROGHU# FRKRUW# EHFDXVH KDV#FRQFOXGHG#WKDW#UHFHQW#DGYDQFHV# LQ#WKH# OLWHUDWXUH
WKHVH# PHDVXUHV# UHSUHVHQW# D# FXPXODWLYH# DFFUXDO# RI VKRZ#SURPLVH#LQ#LQFRUSRUDWLQJ#VHYHUDO#RI#WKH#IDFWRUV
LQFUHDVHG#OLIH#H[SHFWDQF\#+L1H1/#WKH#\RXQJHU#FRKRUW#ZLOO WKDW#DUH#OLNHO\#WR#LQIOXHQFH#YDOXH/#EXW#SUREOHPV#ZLWK
EHQHILW# IURP# WKH# ORZHU# ULVN# HQYLURQPHQW# IRU#PRUH WKH# PHWKRGRORJLFDO# DSSURDFKHV# DQG# ODFN# RI# GDWD
\HDUV,1# QHHGHG# WR# UHOLDEO\# WR# DSSURSULDWHO\# HVWLPDWH# YDOXHV

%HFDXVH# WKH# ULVN# UHGXFWLRQ# UHVXOWV# LQ# YDULRXV VWDWLVWLFDO#OLIH#DSSURDFK#IRU#WKH#SULPDU\#HVWLPDWH#RI#DLU
FKDQJHV# LQ# ULVN# OHYHOV/# LQGLYLGXDO# YDOXHV# IRU# ULVN SROOXWLRQ0UHODWHG#PRUWDOLW\#EHQHILWV1
UHGXFWLRQ#DUH#OLNHO\#WR#YDU\#DV#ZHOO1##6RPH#LQGLYLGXDOV
KDYLQJ# D# JUHDWHU# FKDQJH# LQ# ULVN/# DQG# KHQFH# OLIH
H[SHFWDQF\/#PD\#KDYH#GLIIHUHQW#YDOXHV#IRU#WKH#FKDQJH
WKDQ#WKRVH#LQGLYLGXDOV#H[SHULHQFLQJ#D#VPDOOHU#FKDQJH
LQ#ULVN1#1RWH#WKDW#IXWXUH#JHQHUDWLRQV#PD\#KROG#YDOXHV
IRU# KHDOWK# DV# ZHOO1# # &URSSHU# DQG# 6XVVPDQ# +4<<3,
GHYHORS#WKHRUHWLFDO#PRGHOV#IRUPDOL]LQJ#WKHVH#FRQFHSWV
ZKHQ# LQYHVWLJDWLQJ# KRZ# DQ# LQGLYLGXDO·V# YDOXHV# IRU
UHGXFWLRQ#RI# D# IXWXUH# ULVN# WR#RQHVHOI# DQG# WR# IXWXUH
JHQHUDWLRQV#VKRXOG#EH#GLVFRXQWHG#WR#WKH#SUHVHQW1#

:KLOH#WKHVH#WKHRUHWLFDO#PRGHOV#UHIOHFW#WKH#W\SHV#RI
YDOXHV#QHFHVVDU\#WR#HVWLPDWH#WKH#LPSDFW#RI#WKH#&$$$/
WKH\#DUH#GLIILFXOW#WR#LPSOHPHQW1##)LUVW/#WKH\#UHTXLUH#DQ
HVWLPDWH#RI#LQGLYLGXDOV·#VXUYLYDO#FXUYHV1##,Q#RUGHU#WR
GHYHORS#WKHVH#VXUYLYDO#SUREDELOLWLHV/#LW#LV#QHFHVVDU\#WR
FKDUDFWHUL]H# WKH#GRVH2UHVSRQVH# UHODWLRQVKLS# IRU# WKH
UHJXODWHG#SROOXWDQWV#DQG#NQRZ#KRZ#WKLV#LQIRUPDWLRQ
YDULHV#ZLWK#DJH#DQG#KHDOWK#VWDWHV#RYHU#WLPH1##6HFRQG/#LW
LV# QHFHVVDU\# WR# HVWLPDWH# YDOXHV# IRU# ULVN# UHGXFWLRQV/
FRQVLGHULQJ# WKH# NH\# GLPHQVLRQV# LQ#ZKLFK# ULVN# DQG
YDOXDWLRQ#RI#ULVN#UHGXFWLRQ#PD\#YDU\#+H1J1/#ZLWK#DJH#DQG
KHDOWK#VWDWH,1#

Mortality Valuation Methodologies

7KLV#VHFWLRQ#VXPPDUL]HV#DOWHUQDWLYH#DSSURDFKHV#WR
PRUWDOLW\# ULVN# YDOXDWLRQ/# DQG# RXWOLQHV# WKH# DSSURDFK
XVHG#WR#PHDVXUH#WKH#HFRQRPLF#YDOXH#RI#WKHVH#W\SHV#RI
EHQHILWV#IRU#DLU#SROOXWLRQ#UHGXFWLRQV#DVVRFLDWHG#ZLWK
WKH#&$$$1##7KH#ILUVW#SDUW#SURYLGHV#EDFNJURXQG#RQ#WKH
PHWKRGV#WKDW#LQGLYLGXDOV#KDYH#GHYHORSHG#WR#HVWLPDWH
WKH# YDOXH# RI# ULVN# UHGXFWLRQ# EHQHILWV/# LQFOXGLQJ
FRPPRQO\0DSSOLHG#DSSURDFKHV#WR#YDOXDWLRQ#DV#ZHOO#DV
DSSURDFKHV#WKDW#DUH#EHJLQQLQJ#WR#EH#HVWDEOLVKHG#LQ#WKH
ULVN#YDOXDWLRQ#OLWHUDWXUH1##7KH#VHFRQG#SDUW#GLVFXVVHV#WKH
DSSURSULDWHQHVV# RI# XVLQJ# WKHVH# PHWKRGRORJLHV# IRU

ZLWK#WKH#QHZHU#PRGHOV# OHDGV#XV#WR#DGRSW#D#YDOXH#RI

Commonly Applied Approaches

7KH#SUHIHUUHG#DSSURDFK#UHVHDUFKHUV#KDYH#WDNHQ#WR
HVWLPDWH#YDOXHV# IRU# DYRLGLQJ#SUHPDWXUH#PRUWDOLW\# LV
EDVHG# RQ# LQGLYLGXDO# :73# IRU# ULVN# UHGXFWLRQ1
$OWKRXJK# VRPH# FRVW0EHQHILW# DQDO\VHV# KDYH# EDVHG
YDOXHV#RQ#DYRLGHG#ORVW#HDUQLQJV#+L1H1/#WKH#KXPDQ#FDSLWDO
DSSURDFK,/#WKH#:73#DSSURDFK#LV#SUHIHUUHG#EHFDXVH#LW
PRUH# FORVHO\# FRQIRUPV# WR# HFRQRPLF# WKHRU\1 # #7KH9

FRPPRQ#:73#PHDVXUHV#RI#WKH#YDOXH#RI# OLIH0VDYLQJ
SURJUDPV#LQFOXGH#WKH#YDOXH#RI#VWDWLVWLFDO#OLIH#+96/,#DQG
WKH# YDOXH# RI# D# VWDWLVWLFDO# OLIH# \HDU# +96/<,1# #1HZHU
DSSURDFKHV#WR#HVWLPDWH#YDOXHV#LQFRUSRUDWH#FKDQJHV#LQ
OLIH#H[SHFWDQF\/#ULVN#RI#G\LQJ/#OLIH0GD\V#SHU#SHUVRQ/#DQG
DJH0VSHFLILF#SUHIHUHQFHV1##7KLV#VHFWLRQ#GHVFULEHV#WKHVH
DSSURDFKHV# DQG# GLVFXVVHV# LVVXHV# WKDW# DULVH# LQ# WKHLU
DSSOLFDWLRQ# WR# HVWLPDWH# WKH# YDOXH# RI#PRUWDOLW\# ULVN
UHGXFWLRQ#EHQHILWV1#

7KH# PRVW# FRPPRQO\# DSSOLHG# DSSURDFKHV# IRU
PRUWDOLW\#YDOXDWLRQ#DUH#WKH#YDOXH#RI#VWDWLVWLFDO#OLIH#DQG
YDOXH#RI#VWDWLVWLFDO#OLIH#\HDU1##%RWK#RI#WKHVH#DSSURDFKHV

#,Q#D#UHFHQW#DUWLFOH#E\#,UHODQG#DQG#*LOEHUW#+4<<;,/#WKH#DXWKRUV9

HYDOXDWH#YDOXH#RI#OLIH#HVWLPDWHV#XVHG#LQ#WRUW#UHFRYHU\#FDVHV1##7KH
DUWLFOH#GLVFXVVHV#WKH#FRQFHSW#WKDW#IRU#DQ# LQGLYLGXDO#WKHUH#FDQ#EH
ILQLWH#XWLOLW\#+RU#GHWHUPLQHG#YDOXH,#WR#OLIH#DQG#DW#WKH#VDPH#WLPH#QR
PRQHWDU\# HTXLYDOHQW1# #7KH# DXWKRUV#GR/#KRZHYHU/#EXLOG#RQ# WKLV
DUJXPHQW#WR#GHPRQVWUDWH#WKDW#H[LVWLQJ#YDOXH#RI#OLIH#HVWLPDWHV#DUH#LQ
IDFW# ORZHU# ERXQGV# WR# WKH# WUXH# YDOXH1# #%\# %ORZHU# ERXQG/%# WKH
DXWKRUV#UHIHU#WR#D#YDOXH##UHSUHVHQWDWLYH#RI#D#VSHFLILF#LQGLYLGXDO/#QRW
RI#D#VWDWLVWLFDO#OLIH1##,Q#FLWLQJ#D#UHDVRQDEOH#YDOXH#RI#OLIH#UDQJH/#WKH\
XVH# D# UDQJH# VLPLODU# WR# WKDW# RI# WKH# ;45# UHWURVSHFWLYH# DQDO\VLV/
DOWKRXJK#WKH#DXWKRUV#GR#QRW#FLWH#WKH#VRXUFH#RI#WKLV#UDQJH1##,UHODQG
DQG#*LOEHUW#ZULWH/#%$#GHFHGHQW#KDV# ORVW#VRPHWKLQJ#RI# LPPHQVH
YDOXH/#IRU#ZKLFK#HVWLPDWHV#LQ#WKH#'70'9#PLOOLRQ#UDQJH#LV#FOHDUO\#D
ORZ#PDUNHW#YDOXH#HVWLPDWH%1
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GLUHFWO\# DGGUHVV# WKH# YDOXH# RI# SUHPDWXUH# GHDWK# DQG LQWHUYDO# EHWZHHQ# '317# DQG# '916# PLOOLRQ1 # # 7KHLU
KHDOWK# LPSDLUPHQW1# #7KH#96/#PHWKRG#PHDVXUHV#WKH HVWLPDWH/# '616# PLOOLRQ/# IDOOV# ZHOO# ZLWKLQ# WKH# UDQJH
YDOXH#RI#D#JLYHQ#UHGXFWLRQ#LQ#ULVN#DQG#DQ#LQGLYLGXDO·V JHQHUDWHG# E\# (3$·V# XQFHUWDLQW\# DQDO\VLV# RI# 96/
:73# WR# UHGXFH# WKDW# ULVN/# UHO\LQJ# RQ# ZDJH# DQG HVWLPDWHV1#7KH#VHOHFWLRQ#RI#VWXGLHV#DFFRXQWV#IRU#PXFK
RFFXSDWLRQDO# ULVN# WUDGHRII# GDWD# RU# WKH# UHVXOWV# RI RI# WKH#GLIIHUHQFH#EHWZHHQ#WKHLU#DQDO\VLV#DQG#(3$*V1
FRQWLQJHQW# YDOXDWLRQ# VXUYH\V1# # ,QGLYLGXDO# :73 7KH#'HVYRXVJHV#HW#DO1#DQDO\VLV#LQFOXGHV#WKLUWHHQ#VWXGLHV
DPRXQWV# IRU# VPDOO# UHGXFWLRQV# LQ#PRUWDOLW\# ULVN# DUH WKDW#(3$#GLG#QRW#XVH#DQG#(3$#LQFOXGHV#WHQ#VWXGLHV
%VWDQGDUGL]HG%#WR#UHIOHFW#UHGXFWLRQ#RI#SRSXODWLRQ#ULVN RPLWWHG#E\#'HVYRXVJHV#HW#DO1
RI#RQH#VWDWLVWLFDO#OLIH#VDYHG1##7KH#UHVXOW#RI#DSSO\LQJ#WKLV
PHWKRG# LV#QRW# WKH# YDOXH#RI# DQ# LGHQWLILDEOH# OLIH/#EXW
LQVWHDG#WKH#YDOXH#RI#UHGXFLQJ#IDWDO#ULVNV#LQ#D#SRSXODWLRQ
+9LVFXVL#4<<5,1

9LVFXVL# +4<<5,# VXPPDUL]HV# WKH# YDOXH# RI# OLIH
OLWHUDWXUH/# LQFOXGLQJ# DOPRVW# IRUW\# VWXGLHV# SURYLGLQJ
96/#HVWLPDWHV#UHOHYDQW#IRU#SROLF\#DSSOLFDWLRQ1##)RU#WKH
VHFWLRQ#;45#UHWURVSHFWLYH#DQDO\VLV/#(3$#LGHQWLILHG#59
VWXGLHV#IURP#WKDW#UHYLHZ#WKDW#UHIOHFW#WKH#DSSOLFDWLRQ#RI
WKH# PRVW# VRXQG# DQG# GHIHQVLEOH# PHWKRGRORJLFDO
HOHPHQWV#+VHH#7DEOH#+04,1##)LYH#RI#WKH#59#VWXGLHV#DUH
FRQWLQJHQW# YDOXDWLRQ# +&9,# VWXGLHV/# ZKLFK# GLUHFWO\
VROLFLW#:73# LQIRUPDWLRQ#IURP#VXEMHFWV>#WKH#UHVW#DUH
ZDJH0ULVN#VWXGLHV/#ZKLFK#EDVH#:73#RQ#HVWLPDWHV#RI
WKH#DGGLWLRQDO#FRPSHQVDWLRQ#GHPDQGHG# LQ#WKH# ODERU
PDUNHW#IRU#ULVNLHU#MREV1##8VLQJ#D#:HLEXOO#GLVWULEXWLRQ
WR#GHVFULEH#WKH#GLVWULEXWLRQ#RI#WKH#PHDQ#PRUWDOLW\#ULVN
YDOXDWLRQ# HVWLPDWHV# IURP# WKHVH# VWXGLHV/# WKH# PHDQ
HVWLPDWH# RI# WKH# GLVWULEXWLRQ# LV# '71;#PLOOLRQ# ZLWK# D
VWDQGDUG#GHYLDWLRQ#RI#'615#PLOOLRQ#+4<<3',1

6LQFH#(3$*V#UHWURVSHFWLYH#DQDO\VLV/#'HVYRXVJHV#HW
DO1# +4<<;,#KDV#FRQGXFWHG#D#PHWD0DQDO\VLV#RI# WZHQW\0
QLQH#PRUWDOLW\#VWXGLHV#SUHVHQWHG#LQ#9LVFXVL#+4<<6,#DQG
)LVKHU/#&KHVWQXW/#DQG#9LROHWWH#+4<;<,1 ##'HVYRXVJHV#HW:

DO1*V#PHWD0DQDO\VLV#\LHOGV#'6161#PLOOLRQ#+4<<3#GROODUV,#DV
D#YDOXH#RI#VWDWLVWLFDO#OLIH/#ZLWK#D#<3#SHUFHQW#FRQILGHQFH

;

#,Q#DGGLWLRQ#WR#WKH#9LVFXVL#+4<<6,#VWXG\/#WKH#;45#UHWURVSHFWLYH DFFRXQW#IRU#DJH#GLIIHUHQFHV1##7KH\#GR#QRWH#WKDW#D#VLQJOH#HVWLPDWH:

H[DPLQHG#WZR#RWKHU#VWXGLHV/#0LOOHU#HW#DO1# +4<<3,#DQG#WKH#)LVKHU/ IRU#WKH#YDOXH#RI#VWDWLVWLFDO#OLIH#PD\#QRW#EH#D#JRRG#UHSUHVHQWDWLRQ#RI
&KHVWQXW/#DQG#9LROHWWH#+4<;<,1##:H#RSWHG#WR#QRW#XVH#WKH#0LOOHU#HW WKH# GLIIHUHQFHV# EHWZHHQ# ZLOOLQJQHVV0WR0SD\# RI# WKH# HOGHUO\# DQG
DO1#VWXG\#JLYHQ#RXU#FRQFHUQV#UHJDUGLQJ#WKH#DSSURSULDWHQHVV#RI#WKH \RXQJ/#KHDOWK\#ZRUNHUV1##7KH\#VWDWH#WKDW#0RRUH#DQG#9LVFXVL#+4<;;,
VHOHFWLRQ#RI#VWXGLHV#IRU#YDOXLQJ#UHGXFWLRQV#LQ#HQYLURQPHQW0UHODWHG GHPRQVWUDWH#WKDW#ZLOOLQJQHVV0WR0SD\#LV#KLJKHU#IRU#SHRSOH#ZLWK#PRUH
PRUWDOLW\#ULVN#DQG#FRQFHUQV#DERXW# WKH#DGMXVWPHQWV#PDGH# WR# WKH OLIH#\HDUV#WR#ORVH#ZKLOH#'HVYRXVJHV#HW#DO1#+4<<9,#DQG#-RKQVRQ#HW#DO1
XQGHUO\LQJ#GDWD1##7KH#)LVKHU/#&KHVWQXW/#DQG#9LROHWWH#+4<;<,#VWXG\ +4<<;,# LQGLFDWH# WKDW#ZLOOLQJQHVV0WR0SD\# LV# ORZHU# IRU#SHRSOH#ZLWK
ZDV# QRW# XVHG# EHFDXVH# WKH# GDWD# ZDV# QRW# DV# FXUUHQW# RU OLPLWHG#DELOLWLHV#WR#HQJDJH#LQ#DFWLYLWLHV#DQG#FDUH#IRU#WKHPVHOYHV1
FRPSUHKHQVLYH#DV#WKH#GDWD#LQ#WKH#9LVFXVL#VWXG\1#

#'HVYRXVJHV#HW#DO1#GR#QRW#DGMXVW#WKH#YDOXH#RI#VWDWLVWLFDO#OLIH#WR;
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Study
Type of

Estimate
Valuation (millions 1990$)

Kneisner and Leeth (1991) (US) Labor Market 0.6

Smith and Gilbert (1984) Labor Market 0.7

Dillingham (1985) Labor Market 0.9

Butler (1983) Labor Market 1.1

Miller and Guria (1991) Cont. Value 1.2

Moore and Viscusi (1988a) Labor Market 2.5

Viscusi, Magat, and Huber (1991b) Cont. Value 2.7

Gegax et al. (1985) Cont. Value 3.3

Marin and Psacharopoulos (1982) Labor Market 2.8

Kneisner and Leeth (1991) (Australia) Labor Market 3.3

Gerking, de Haan, and Schulze (1988) Cont. Value 3.4

Cousineau, Lacroix, and Girard (1988) Labor Market 3.6

Jones-Lee (1989) Cont. Value 3.8

Dillingham (1985) Labor Market 3.9

Viscusi (1978, 1979) Labor Market 4.1

R.S. Smith (1976) Labor Market 4.6

V.K. Smith (1976) Labor Market 4.7

Olson (1981) Labor Market 5.2

Viscusi (1981) Labor Market 6.5

R.S. Smith (1974) Labor Market 7.2

Moore and Viscusi (1988a) Labor Market 7.3

Kneisner and Leeth (1991) (Japan) Labor Market 7.6

Herzog and Schlottman (1987) Labor Market 9.1

Leigh and Folson (1984) Labor Market 9.7

Leigh (1987) Labor Market 10.4

Garen (1988) Labor Market 13.5

SOURCE:  Viscusi, 1992 and EPA analysis.

Table H-1
Summary of Mortality Valuation Estimates

:KHQ# DSSO\LQJ# 96/# HVWLPDWHV# WR# HVWLPDWH
PRUWDOLW\#EHQHILWV/# LW# LV# LPSRUWDQW# WR#GHWHUPLQH# WKH
GLIIHUHQFHV#EHWZHHQ# WKH#QDWXUH#RI#DLU#SROOXWLRQ# ULVN
DQG#ULVNV#IDFHG#E\#SHUVRQV#ZKRVH#ULVN0GROODU#WUDGHRII
GHFLVLRQV#KDYH#EHHQ#DGGUHVVHG#LQ#WKH#OLWHUDWXUH1##)LUVW/
VHYHUDO#VWXGLHV#LQGLFDWH#WKDW#WKH#YDOXH#SHRSOH#SODFH#RQ
PRUWDOLW\#ULVN#UHGXFWLRQ#PD\#GHSHQG#RQ#WKH#QDWXUH#RI
WKH#ULVN#+H1J1/#)LVKHU#HW#DO1#4<;<>#%HJJV#4<;7,1##&XUUHQW

96/#HVWLPDWHV#GR#QRW#DFFRXQW#IRU#D#QXPEHU#RI#WKH
LPSRUWDQW# IDFWRUV# WKDW# DIIHFW# ULVN# SHUFHSWLRQ1# # )RU
H[DPSOH/#SUHPDWXUH#PRUWDOLW\#ULVNV#IURP#DLU#SROOXWLRQ
DUH# H[SHULHQFHG# RQ# DQ# LQYROXQWDU\# EDVLV# DQG# DUH
JHQHUDOO\#XQFRPSHQVDWHG/#ZKLOH#MRE0UHODWHG#ULVNV#DUH
DVVXPHG#E\# LQGLYLGXDOV#ZKR#SUHVXPDEO\#KDYH#VRPH
FKRLFH# DV# WR# RFFXSDWLRQ# DQG# DUH# FRPSHQVDWHG# IRU
WDNLQJ#D#ULVNLHU#MRE1##6HFRQG/#WKH#GHPRJUDSKLFV#RI#WKH
SRSXODWLRQ#DW#ULVN#IURP#DLU#SROOXWLRQ/#SDUWLFXODUO\# LQ
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WHUPV# RI# DJH/# LQFRPH/# DQG# KHDOWK# VWDWH/#PD\# GLIIHU YDOXHV# IRU# ROGHU# SHRSOH/# ZKR# KDYH# VKRUWHU# OLIH
IURP#WKH#GHPRJUDSKLFV#RI#LQGLYLGXDOV#VXUYH\HG#LQ#WKH H[SHFWDQFLHV/#DQG#ODUJHU#YDOXHV#IRU#\RXQJHU#SHRSOH1##
OLWHUDWXUH1# # )RU# D#PRUH# GHWDLOHG# GLVFXVVLRQ# RI# KRZ
WKHVH# IDFWRUV# FDQ# DIIHFW# WKH# HFRQRPLF# YDOXDWLRQ# RI :KLOH# WKLV# DSSURDFK# DWWHPSWV# WR# GHULYH# DJH0
SUHPDWXUH#PRUWDOLW\/#DQG#VSHFLILFDOO\#HVWLPDWHV#GHULYHG DGMXVWHG#YDOXHV#RI#H[SHFWHG#OLIH#UHPDLQLQJ#XVLQJ#96/
IURP#WKH#96/#DSSURDFK/#VHH#WKH#GLVFXVVLRQ/#%%HQHILWV HVWLPDWHV/#LW#GRHV#QRW#DGGUHVV#SRWHQWLDO#GLIIHUHQFHV#LQ
7UDQVIHU# DQG#96//%#SUHVHQWHG# LQ# WKH# VHFWLRQ# WLWOHG/ WKH#YDOXH#RI#D#VWDWLVWLFDO#OLIH#GXH#WR#GLIIHUHQFHV#LQ#WKH
%8QFHUWDLQWLHV#LQ#WKH#9DOXDWLRQ#(VWLPDWHV1% DYHUDJH#DJH#RI#WKH#DIIHFWHG#SRSXODWLRQ#RU#WKH#DYHUDJH

7KH#96/<#PHWKRG#YDOXHV#OLIH0\HDUV#WKDW#ZRXOG#EH VKRZQ# WKDW# VLPSOH#SURJUHVVLYH#GHFOLQHV# LQ# YDOXH# DV
ORVW# LI#DQ# LQGLYLGXDO#ZHUH# WR#GLH#SUHPDWXUHO\1# #0RVW HVWLPDWHG# ZLWK# WKH# 96/<# PHWKRG# PD\# EH# DQ
FRPPRQO\/# 96/<# HVWLPDWHV# DUH# DQ# DQQXDOL]HG RYHUVLPSOLILFDWLRQ># LQ#PDQ\#FDVHV/#YDOXHV# IRU#KHDOWK
HTXLYDOHQW#RI#96/#HVWLPDWHV#+0RRUH#DQG#9LVFXVL#4<;;/ SHDN# VHYHUDO# WLPHV# WKURXJKRXW#D# OLIHWLPH# +H1J1/#DIWHU
)UHQFK#DQG#0DXVNRSI#4<<5,1#$#96/<#HVWLPDWH#PD\ KDYLQJ# FKLOGUHQ/# DIWHU# UHWLUHPHQW,1# # ,Q# DGGLWLRQ/# LQ
LPSO\# D# VWUHDP# RI# FRQVWDQW# YDOXHV# SHU# \HDU1# # 7KH PDQ\#FDVHV/#GDWD#UHVWULFWLRQV#OLPLW#UHVHDUFKHUV·#DELOLW\
DQQXDOL]HG#96/<#HVWLPDWH#GHSHQGV#RQ#WKUHH#IDFWRUV= WR# HVWLPDWH#96/<# EHFDXVH# LW# LV# GLIILFXOW# WR# REWDLQ
WKH#XQGHUO\LQJ#96/#HVWLPDWH>#D#GLVFRXQW#UDWH>#DQG#WKH HVWLPDWHV#RI#DJH0VSHFLILF#ULVNV#DQG#WKH#QXPEHU#RI#OLIH0
QXPEHU# RI# UHPDLQLQJ# OLIH# \HDUV# LPSOLHG# E\# WKH \HDUV#ORVW1
XQGHUO\LQJ#96/#HVWLPDWH1

:H#GHYHORS#DQ#HVWLPDWH#RI#WKH#YDOXH#RI#D#VWDWLVWLFDO
OLIH0\HDU#ORVW#+96/<,#EDVHG#RQ#DQ#DSSURDFK#VXJJHVWHG
E\#0RRUH#DQG#9LVFXVL#+4<;;,1##7KH\#DVVXPH#WKDW#WKH
ZLOOLQJQHVV#WR#SD\#WR#VDYH#D#VWDWLVWLFDO#OLIH#LV#WKH#YDOXH
RI#D#VLQJOH#\HDU#RI#OLIH#WLPHV#WKH#H[SHFWHG#QXPEHU#RI
\HDUV#RI# OLIH#UHPDLQLQJ#IRU#DQ# LQGLYLGXDO1# #7KH\#DOVR
VXJJHVW#WKDW#WKH#W\SLFDO#UHVSRQGHQW#LQ#D#PRUWDOLW\#ULVN
VWXG\#PD\#KDYH#D#OLIH#H[SHFWDQF\#RI#DQ#DGGLWLRQDO#68
\HDUV1# #8VLQJ# WKH# 680\HDU# OLIH# H[SHFWDQF\# DQG#96/
HVWLPDWH# RI# '71;#PLOOLRQ/# WKHLU# DSSURDFK# \LHOGV# DQ
HVWLPDWH#RI#'46:/333#SHU#OLIH0\HDU#ORVW#RU#VDYHG1##,Q#WKH
SURVSHFWLYH#DQDO\VLV/#ZH#DOVR#DVVXPH#WKDW#DQ#LQGLYLGXDO
GLVFRXQWV#IXWXUH#DGGLWLRQDO#\HDUV1##7KLV#LPSOLHV#WKDW#WKH
YDOXH#RI#HDFK#OLIH0\HDU#ORVW#PXVW#EH#JUHDWHU#WKDQ#WKH
QRQ0GLVFRXQWHG# YDOXH1# # $VVXPLQJ# D# ILYH# SHUFHQW
GLVFRXQW# UDWH# DQG# DGRSWLQJ# WKH# DERYH# RXWOLQHG
DSSURDFK/#WKH#LPSOLHG#YDOXH#RI#HDFK#OLIH#\HDU#ORVW#XVHG
LQ# WKH# SURVSHFWLYH# DQDO\VLV# LV# '5<6/333# +LQ# 4<<3
GROODUV,1

&ULWLFV#QRWH# VHYHUDO#GLVDGYDQWDJHV# WR#XVLQJ# WKLV
W\SH#RI#96/<#PHWKRG/#PRVW#QRWDEO\#WKDW#WKH#YDOXH#RI
DYRLGLQJ#SUHPDWXUH#GHDWK#GHSHQGV#RQ#PRUH#WKDQ#MXVW
OLIHVSDQ1# # :LWK# WKH# 96/<# DSSURDFK/# WKH# EHQHILW
DWWULEXWHG# WR# DYRLGLQJ# D# SUHPDWXUH# GHDWK# GHSHQGV
GLUHFWO\#RQ#KRZ#SUHPDWXUH#LW#LV#²##UHVXOWLQJ#LQ#VPDOOHU

DJH#DW#ZKLFK#DQ#HIIHFW# LV#H[SHULHQFHG1# #6WXGLHV#KDYH

Life Quality Adjustments

$QRWKHU#ZD\#WR#PDNH#DGMXVWPHQWV#WR#DFFRXQW#IRU
KHWHURJHQHLW\#LQ#YDOXH#RI#OLIH#HVWLPDWHV#LV#DQ#DSSURDFK
WKDW# LQFRUSRUDWHV#KHDOWK#VWDWXV#E\#DSSO\LQJ#D#96/<
HVWLPDWH# +JHQHUDWHG# IURP# WKH#96/# OLWHUDWXUH,# WR# DQ
HVWLPDWH#RI#TXDOLW\0DGMXVWHG#OLIH#\HDUV#+4$/<,1##7KH
UHVXOWLQJ#YDOXH# HVWLPDWHV#PHDVXUH# LPSURYHPHQWV# LQ
KHDOWK# EDVHG# RQ# LQGLYLGXDOV·# DWWLWXGHV# WRZDUG
V\PSWRPV# RU# GLIIHUHQW# OHYHOV# RI# SDLQ# RU# SK\VLFDO
LPSDLUPHQW#+7ROOH\#HW#DO1#4<<7,1##7KLV#DSSURDFK#XWLOL]HV
VXUYH\#WHFKQLTXHV#WR#UDWH#GLIIHUHQW#KHDOWK#FRQGLWLRQV
DQG#DGMXVW#WKH#QXPEHU#RI#OLIH#\HDUV#ORVW#WR#UHSUHVHQW
ORVW# TXDOLW\0DGMXVWHG# OLIH# \HDUV1# # $V# D# UHVXOW/# WKLV
DSSURDFK#DLPV#WR#GHYHORS#D#YDOXH#IRU#D#VLQJOH#4$/<
WKDW#LV#WKH#VDPH#UHJDUGOHVV#RI#LQGLYLGXDO#FKDUDFWHULVWLFV1
,Q#RWKHU#ZRUGV/#WKH#DSSURDFK#WULHV#WR#VWDQGDUGL]H#WKH
PHDVXUH#RI#PRUWDOLW\#ULVN#UHGXFWLRQ#WKDW#HPHUJHV#IURP
D# KHDOWK# HIIHFWV# DQDO\VLV/# PDNLQJ# YDOXDWLRQ# PRUH
VWUDLJKWIRUZDUG1

7KH# /LIH# 4XDOLW\# $GMXVWPHQW# DSSURDFK# PD\
LPSOLFLWO\# LQFRUSRUDWH# PRUELGLW\# LPSDFWV# WR# DVVHVV
YDOXHV#IRU#YDULRXV#FDXVHV#RI#GHDWK/#DQG#LV#RIWHQ#XVHG#LQ
KHDOWK#HFRQRPLFV#WR#DVVHVV#WKH#FRVW#HIIHFWLYHQHVV#RI
PHGLFDO# VSHQGLQJ# SURJUDPV/# WR# YDOXH# PRUELGLW\
DYRLGDQFH/#DQG#WR#YDOXH#PRUWDOLW\#DYRLGDQFH1##8VLQJ#D
4$/<#UDWLQJ#V\VWHP/#KHDOWK#TXDOLW\#UDQJHV#IURP#3#WR
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4/#ZKHUH# 4#PD\# UHSUHVHQW# IXOO#KHDOWK/# 3# GHDWK/# DQG LQWHUPHGLDWH#YDOXH#RI# UHVXOWV# UHSRUWHG# LQ#VWXGLHV#E\
VRPH# QXPEHU# LQ# EHWZHHQ# +H1J1/# 31;,# DQ# LPSDLUHG 9LVFXVL#+4<<6,#DQG#7ROOH\#HW#DO1#+4<<7,1##,Q#DGGLWLRQ/
FRQGLWLRQ1##,I#DQ#LQGLYLGXDO#OLYHV#ZLWK#D#KHDOWK#TXDOLW\ WKH# DXWKRUV# HVWLPDWH#4$/<V#XVLQJ# LQIRUPDWLRQ#RQ
LQGH[#RI#31;/#WKHQ#WKH#LPSOLHG#YDOXH#RI#DYRLGLQJ#D#\HDU GLVHDVH# SUHYDOHQFH# LQ# WKH#86# IURP# 4<:3# WR# 4<<3/
ZLWK#WKLV#FRQGLWLRQ#DQG#KDYLQJ#IXOO#KHDOWK#LQ#LWV#SODFH ZHLJKWHG#E\#D#IDFWRU#WKDW#UHSUHVHQWV#KRZ#TXDOLW\#RI#OLIH
ZRXOG#EH#315#ï#96/<1##%\#WKH#VDPH#WRNHQ/#WKH#YDOXH IRU# D# JLYHQ# FRQGLWLRQ#KDV# FKDQJHG#RYHU# WLPH# +H1J1/
RI#JDLQLQJ#DQ#DGGLWLRQDO#OLIH#\HDU#LQ#WKLV#FRQGLWLRQ#LV#;3 PRUH# EXLOGLQJV# KDYH# UDPSV# DQG# HOHYDWRUV# IRU
SHUFHQW#RI# WKH#YDOXH#RI#JDLQLQJ#D#\HDU# LQ# IXOO#KHDOWK LQGLYLGXDOV#ZKR#KDYH#PRELOLW\#SUREOHPV/#WKXV#UDLVLQJ
+L1H1/#31;#ï#96/<,#DQG#UHSUHVHQWV#DQ#DQQXDO#YDOXH#IRU TXDOLW\#RI#OLIH#RYHU#WLPH,1##
PRUWDOLW\# ULVN# DYRLGDQFH# IRU# D# SHUVRQ# ZLWK# WKH
FRQGLWLRQ1 0XUUD\# DQG# /RSH]# +4<<9,# PRGLI\# WKH# DERYH

7ROOH\/#HW#DO1#+4<<7,#HVWLPDWH#YDOXHV#IRU#D#YDULHW\#RI GLVDELOLW\0DGMXVWHG# OLIH# \HDUV# +'$/<V,1# # '$/<
KHDOWK# FRQGLWLRQV# XVLQJ# QXPHURXV# WHFKQLTXHV/ HVWLPDWHV#FRQVLGHU#WKH#\HDUV#RI#OLIH#ORVW#DQG#\HDUV#OLYHG
LQFOXGLQJ/#LQ#VRPH#FDVHV/#YDOXDWLRQ#RI#TXDOLW\0DGMXVWHG ZLWK# GLVDELOLW\/# DGMXVWHG# IRU# WKH# VHYHULW\# RI# WKH
OLIH#\HDUV1# #)RU#H[DPSOH/#ZKHQ#HVWLPDWLQJ#YDOXHV#IRU GLVDELOLW\1##7KH#DSSURDFK#WR#HVWLPDWH#'$/<V#LV#VLPLODU
DFXWH# DQG# FKURQLF# V\PSWRPV# XVLQJ# 4$/<V/# WKH WR# WKDW# XVHG# WR# HVWLPDWH# 4$/<V# LQ# WKDW# ERWK
DXWKRUV# FDOFXODWH# ORZ/# PHGLXP# DQG# KLJK# YDOXH LQFRUSRUDWH#MXGJPHQWV#DERXW#WKH#YDOXH#RI#WLPH#VSHQW
HVWLPDWHV# EDVHG# RQ# D# UDQJH# RI# 96/# HVWLPDWHV1 LQ# GLIIHUHQW# KHDOWK# VWDWHV1# # +RZHYHU/# '$/<# DQG
6SHFLILFDOO\/#WKH#DXWKRUV#XVH#WKH#IROORZLQJ#WKUHH#96/< 4$/<#HVWLPDWLRQ#PHWKRGV#GLIIHU#LQ#WKDW#WKH#PHWKRGV
HVWLPDWHV#+4<<4',#IRU#4$/<#YDOXDWLRQ= WR#HVWLPDWH#'$/<V#DUH#HOLFLWHG#IURP#SUHIHUHQFHV#IRU

ü /RZ#(VWLPDWH# # ':3/333#96/<=# #'HULYHG VHW#RI#YDOXH#FKRLFHV1#
IURP#0LOOHU/#&DOKRXQ# DQG#$UWKXU# +4<<3,#²
96/#RI#'41<8#PLOOLRQ/#WZR#SHUFHQW#GLVFRXQW 7KH# /LIH# 4XDOLW\# $GMXVWPHQW# DSSURDFK# VFDOHV
UDWH1 :73#YDOXHV#+96/#HVWLPDWHV,#XVLQJ#D#PHDVXUH#RI#OLIH

ü 0HGLXP# (VWLPDWH#  # '453/333# 96/<= +4$/<V,1##,Q#PDQ\#FDVHV/#WKH#DSSOLHG#96/<#HVWLPDWHV
'HULYHG# IURP#0LOOHU/# &DOKRXQ# DQG#$UWKXU GR# QRW# UHIOHFW# FRQVLVWHQW# XVH# RI#96/# HVWLPDWHV# RU
+4<<3,#²#96/#RI# '41<8#PLOOLRQ/# VL[#SHUFHQW GLVFRXQW#UDWHV1##,Q#DGGLWLRQ/#LQ#HDFK#RI#WKHVH#YDOXDWLRQ
GLVFRXQW#UDWH1 DQDO\VHV#KHDOWK#HFRQRPLVWV#KDYH#FRQVWUXFWHG#D#VFDOH#RU

ü +LJK#(VWLPDWH# #'4:8/333#96/<=##'HULYHG DGYHUVH# LQGLYLGXDOV# EHOLHYH# WKHP# WR# EH1#2IWHQ/# WKH
IURP#0RRUH# DQG#9LVFXVL# +4<;;,#²#96/#RI H[WUHPH#SRLQWV#RQ#WKH#VFDOH#DUH#´SHUIHFW#KHDOWKµ#DQG
'913#PLOOLRQ/#3#SHUFHQW#GLVFRXQW#UDWH1 ´LPPHGLDWH#GHDWK/µ#EXW#VRPH#DSSOLFDWLRQV#DOORZ#IRU

7KH#DXWKRUV#PXOWLSO\#WKH#96/<#HVWLPDWH#E\#WKH GHDWK1##7KHVH#UDQNLQJ#PHWKRGV#GR#QRW#\LHOG#HVWLPDWHV
HVWLPDWH# RI# 4$/<V# WR# FDOFXODWH# D# YDOXH# IRU# HDFK RI#:73/#DQG#WKHUHIRUH#DUH#QRW#OLQNHG#WR#XWLOLW\#WKHRU\1
V\PSWRP1##,W#LV#QRW#FOHDU#IURP#WKH#DQDO\VLV#GLVFXVVLRQ ,W# LV#QRW#FOHDU# WKDW# WKH# UDQNLQJ#RI#KHDOWK#RXWFRPHV
ZKLFK#V\PSWRP#YDOXHV# UHSUHVHQW# WKH#DSSOLFDWLRQ#RI REWDLQHG#E\# WKHVH# LQGLFHV#ZRXOG#PDWFK# WKH#UDQNLQJ
WKLV#DSSURDFK1#### REWDLQHG#E\#NQRZLQJ# LQGLYLGXDOV·#:73# IRU#YDULRXV

&XWOHU# DQG# 5LFKDUGVRQ# +4<<;,# # DSSO\# D# 96/ WKHVH#VFDOHV#RU#LQGLFHV#UHO\#RQ#PXFK#PRUH#UHVWULFWLYH
HVWLPDWH# WR# DQ# HVWLPDWH#RI#4$/<V# WR#PHDVXUH# WKH DVVXPSWLRQV# DERXW# WKH# QDWXUH# RI# LQGLYLGXDO
YDOXH#RI#KHDOWK#LPSURYHPHQWV#EHWZHHQ#4<:3#DQG#4<<3 SUHIHUHQFHV#WKDQ#DUH#QRUPDOO\#PDGH#LQ#:73#VWXGLHV1
IRU#WHQ#KHDOWK#FRQGLWLRQV1##7R#GR#WKLV/#WKH#DXWKRUV#XVH
DQ# 96/<# HVWLPDWH# RI# '433/333/# GHULYHG# DV# WKH

WKHRUHWLFDO# DSSURDFK# E\# GHULYLQJ# DQ# HVWLPDWH# RI

SDUWLFXODU#YDOXH#FKRLFHV#XVLQJ#D#VSHFLILF#VWDQGDUGL]HG

\HDUV# WKDW# UHIOHFW#KHWHURJHQHLW\# LQ# TXDOLW\#RI#KHDOWK

LQGH[# WKDW# UDQNV#KHDOWK#RXWFRPHV# LQ# WHUPV#RI#KRZ

KHDOWK#RXWFRPHV#WKDW#PLJKW#EH#YLHZHG#DV#ZRUVH#WKDQ

KHDOWK# HIIHFWV1# #$V# GLVFXVVHG# E\# -RKDQVVRQ# +4<<8,/
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Longevity

6HYHUDO# UHFHQW# HIIRUWV# HVWLPDWH# YDOXHV# IRU# DQ
LGHQWLILDEOH# OLIH#E\#HVWLPDWLQJ#WKH#:73#IRU#RZQ# OLIH
H[WHQVLRQ1##-RKDQQHVVRQ#DQG#-RKDQVVRQ#+4<<9/#4<<:,
HVWLPDWH#WKH#:73#WR#LQFUHDVH#RQH·V#OLIH#H[SHFWDQF\#E\
RQH# DGGLWLRQDO# \HDU# +L1H1/# H[WHQGLQJ# PHQ·V# OLIH
H[SHFWDQF\#IURP#DJH#:8#WR#:9/#DQG#ZRPHQ·V#IURP#DJH
;3# WR# ;4/# FRQGLWLRQDO# RQ# UHDFKLQJ# DJH# :8# RU# ;3,1
-RKDQQHVVRQ/#-RKDQVVRQ/#DQG#/RIJUHQ#+4<<:,#HVWLPDWH
WKH#YDOXH#RI#DQ#LPPHGLDWH#VPDOO#UHGXFWLRQ#LQ#PRUWDOLW\
ULVN#+D#´EOLSµ#RU#RQH#\HDU#RI#IDWDO#ULVN#SUHYHQWLRQ,1##

:KLOH#WKLV#PHWKRGRORJ\#UHSUHVHQWV#D#XWLOLW\0WKHRU\
EDVHG#YDOXH/# WKH#YDOXH#HVWLPDWH# IRU#D# VLQJOH#\HDU#RI
ORQJHYLW\# GRHV# QRW# H[DFWO\# FRUUHVSRQG# WR# ZKDW# LV
QHHGHG# IRU# DQ# DVVHVVPHQW#RI# DLU#SROOXWLRQ#EHQHILWV1
-RKDQQHVVRQ#DQG#-RKDQVVRQ#+4<<9/#4<<:,#HVWLPDWH#D
YDOXH#IRU#D#VLQJOH#\HDU#RI#OLIH#H[WHQVLRQ#QHDU#WKH#HQG#RI
RQH·V#OLIHWLPH#²#YDOXHV#DW#WKLV#DJH#DUH#OLNHO\#WR#EH#ORZ
EHFDXVH#RI#D#ORZ#H[SHFWDWLRQ#RI#TXDOLW\#RI#OLIH#DW#WKLV
DGYDQFHG#DJH1##,W#LV#OLNHO\#WKDW#PRUWDOLW\#YDOXHV#ZLOO#YDU\
ZLWKLQ#DQ#LQGLYLGXDO·V#OLIHWLPH#DQG#ZLWK#SUREDELOLW\#RI
VXUYLYDO1# # ,Q# DGGLWLRQ/# PRUWDOLW\# DVVRFLDWHG# ZLWK
SROOXWDQW# H[SRVXUH#ZLOO# OLNHO\# \LHOG# D# ORQJHYLW\# ORVV
JUHDWHU#WKDQ#RQH#\HDU#+H1J1/#PRUWDOLW\#DVVRFLDWHG#ZLWK
SDUWLFXODWH#PDWWHU#\LHOGV#DQ#DYHUDJH#ORQJHYLW\#ORVV#RI
DSSUR[LPDWHO\# 47# OLIH# \HDUV# DPRQJ# WKRVH# ZKR# DUH
DIIOLFWHG,1# #0RUHRYHU/# EHFDXVH# RI# WKH# K\SRWKHWLFDO
QDWXUH# RI# WKH# FRQWLQJHQW# YDOXDWLRQ# PHWKRG/# LW# LV
XQFOHDU# ZKHWKHU# UHVSRQGHQWV# DFFHSW# WKH# VFHQDULRV
SUHVHQWHG#DQG#ZKHWKHU#HQRXJK#FRQWH[W#ZDV#SURYLGHG
WR#XQGHUVWDQG#WKH#ULVN#DQG#WKH#EXGJHW#LPSOLFDWLRQV#RI
WKH#VFHQDULR#DQG#WKH#UHVSRQVH1

Cost Effectiveness

*DUEHU#DQG#3KHOSV#+4<<:,#SUHVHQW#D#PHWKRGRORJ\
IRU#YDOXLQJ#D#GLVFRXQWHG#OLIH#\HDU#WKDW#LV##GHWHUPLQHG
E\#LQFRPH#DQG#ULVN#DYHUVLRQ#LQ#D#OLIH0F\FOH#PRGHO1#7R
FDOFXODWH# WKH# RSWLPDO# FRVW# HIIHFWLYHQHVV# FXW0RII# IRU
PHGLFDO#LQWHUYHQWLRQ/#WKH#DXWKRUV#DVVXPH#YDOXHV#RI#D
XWLOLW\#IXQFWLRQ/#KHDOWK#SURGXFWLRQ#IXQFWLRQ/#LQFRPH/
GLVFRXQW#UDWH/#DQG#EDVHOLQH#PRUWDOLW\#WR#GHULYH#D#YDOXH
HTXLYDOHQW#WR#:73#IRU#D#GLVFRXQWHG#OLIH#\HDU1##,Q#WKLV
PRGHO/#XWLOLW\# LV#D# IXQFWLRQ#RI# LQFRPH# +OHVV#PHGLFDO
H[SHQGLWXUHV,/# DQG# IXWXUH# LQFRPH# LV# D# IXQFWLRQ# RI

VXUYLYDO#DQG#PHGLFDO#H[SHQGLWXUHV1# #$V#D#UHVXOW/# WKH
DXWKRUV# XVH# PRUWDOLW\# UDWHV# WR# FDOFXODWH# H[SHFWHG
LQFRPH1# #&KDQJHV# LQ# WKHVH#PRUWDOLW\# UDWHV# UHVXOW# LQ
FKDQJHV#LQ#VXUYLYDO#SUREDELOLWLHV/#DQG#KHQFH#LQFRPH1
7KH#PRGHO# HVWLPDWHV# DQ# LQGLYLGXDO·V#ZLOOLQJQHVV# WR
WUDGH# LQFRPH# IURP# RQH# SHULRG# WR# DQRWKHU># WKH
GLVFRXQWHG#FKDQJH#LQ#LQFRPH#LV#HTXLYDOHQW#WR#:73#IRU
D#FKDQJH#LQ#ULVN1##

$OWKRXJK# WKLV#PHWKRGRORJ\# LV#EDVHG#RQ# D# OLIH0
F\FOH#PRGHO#XVLQJ#VXUYLYDO#SUREDELOLWLHV/#LW#LV#VLPSOLVWLF
LQ# LWV# DVVXPSWLRQV# DQG# LV# EDVHG# RQ# DVVXPHG
SUHIHUHQFHV/# UDWKHU# WKDQ#RQ# UHYHDOHG#SUHIHUHQFHV#RU
WKRVH#VWDWHG#E\#DQ# LQGLYLGXDO1# # ,Q#HIIHFW/# WKH#PRGHO
HVWLPDWHV#YDOXHV#EDVHG#ODUJHO\#RQ#RQH#HPSLULFDO#LQSXW=
LQGLYLGXDO# LQFRPH1# #)RU#H[DPSOH/# WKH#96/# IRU#D#73
\HDU0ROG#FDQQRW#H[FHHG#'583/333#EHFDXVH#WKDW#DPRXQW
H[FHHGV#WKH#GLVFRXQWHG#H[SHFWHG#LQFRPH1##7KH#ODUJHVW
YDOXH#RI#GLVFRXQWHG#OLIH0\HDU#REWDLQHG#E\#WKH#DXWKRUV
LV#DSSUR[LPDWHO\#'6:/3331

Valuation Strategy Chosen for this
Analysis

7R# HVWLPDWH# WKH# HFRQRPLF# YDOXH# RI# PRUWDOLW\
EHQHILWV# DVVRFLDWHG# ZLWK# DLU# SROOXWLRQ# UHGXFWLRQV/
HFRQRPLF#WKHRULVWV#SUHIHU#HVWLPDWHV#WKDW#UHIOHFW#H[#DQWH
YDOXHV#RI# UHGXFLQJ# WKH# ULVN#RI#PRUWDOLW\# DFURVV# WKH
SRSXODWLRQ#+L1H1/#IRU#LQGLYLGXDOV#KDYLQJ#GLIIHUHQW#KHDOWK
VWDWHV#DQG#RWKHU#FKDUDFWHULVWLFV#VXFK#DV#LQFRPH#OHYHO
DQG#ULVN#SHUFHSWLRQ,1##7KLV#UHTXLUHV#DQ#HVWLPDWH#RI#DQ
LQGLYLGXDO#:73#IRU#D#UHGXFWLRQ#LQ#DQ#LQYROXQWDU\#ULVN
WKDW#ZLOO#FKDQJH#LQGLYLGXDOV·#VXUYLYDO#SUREDELOLWLHV#IRU
D#OLIHWLPH1##'HYHORSLQJ#D#YDOXDWLRQ#HVWLPDWH#EDVHG#RQ
WKLV#WKHRUHWLFDOO\#LGHDO#DSSURDFK/#KRZHYHU/#LV#FXUUHQWO\
VXEMHFW# WR# VLJQLILFDQW# GDWD# DQG# PHWKRGRORJLFDO
SUREOHPV1##0RUHRYHU/#PDQ\#RI#WKH#YDOXDWLRQ#PHWKRGV
WKDW#DUH#IUHTXHQWO\#SUHVHQWHG#DV#DQ#DOWHUQDWLYH#WR#WKH
96/# DSSURDFK# UHO\#RQ#96/#HVWLPDWHV#DQG#FDOFXODWH
YDOXHV# WKDW#GHSHQG#RQ# OLIHVSDQ#GDWD/#ZKLFK#PD\#EH
GLIILFXOW# WR#PHDVXUH# JLYHQ# WKH# FXUUHQW# KHDOWK# GDWD
OLPLWDWLRQV1##&RQVHTXHQWO\/#(3$*V#FXUUHQW#LQWHUSUHWD0
WLRQ# RI# WKH# VWDWH0RI0WKH0DUW# LQ# SUHPDWXUH#PRUWDOLW\
YDOXDWLRQ#OHDGV#WR#DGRSWLRQ#RI#WKH#96/#DSSURDFK#IRU
GHYHORSPHQW#RI#WKH#SULPDU\#EHQHILW#HVWLPDWH1#
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$V#GLVFXVVHG#DERYH/#VHYHUDO#GLIIHUHQW#DSSURDFKHV LQGLYLGXDO#ULVNV#DUH#VPDOO#+SHUKDSV#RQH#LQ#WHQ
IRU# HVWLPDWLQJ# D#PRUWDOLW\0UHODWHG# YDOXH# KDYH# EHHQ WKRXVDQG,# UHODWLYH# WR# FHUWDLQ# ORVV# RI# OLIH/
GHYHORSHG1##(DFK/#KRZHYHU/#KDV#HLWKHU#PHWKRGRORJLFDO LQGLYLGXDO#:73#PD\#DOVR#EH#VPDOO#UHODWLYH#WR
LQFRQVLVWHQFLHV# ZLWK# WKH# SUHIHUUHG# XWLOLW\0EDVHG LQFRPH1
DSSURDFK/#RU#GRHV#QRW#SURYLGH#D#YDOXH#HVWLPDWH#IRU#D
FRPPRGLW\#FRPSDUDEOH#WR#WKDW#SURYLGHG#E\#UHGXFHG
DLU#SROOXWLRQ1##:H#VXPPDUL]H#WKH#SRWHQWLDO#SUREOHPV
RI#WKHVH#DOWHUQDWLYHV#EHORZ#DQG#LQ#7DEOH#+05=

ü /LIH#4XDOLW\#$GMXVWPHQW=# #7KLV#DSSURDFK
UHOLHV# RQ# 96/# HVWLPDWHV# DSSOLHG# WR# VXUYH\
HVWLPDWHV# RI# OLIH0\HDUV# +L1H1/# 4$/<V# RU
'$/<V,# IRU# WKH# HFRQRPLF# YDOXDWLRQ1
&XUUHQWO\/#QR#JHQHUDOO\#DFFHSWHG#HVWLPDWH#RU
UDQJH# RI# HVWLPDWHV# RI# 96/<# KDYH# EHHQ
HVWDEOLVKHG/#LQVWHDG#WKHVH#YDOXHV#GHULYH#IURP
YDULRXV#96/# VWXGLHV# DQG# UHIOHFW# QXPHURXV
GLVFRXQW# UDWHV1# # ,Q# DGGLWLRQ/# WKH# OLIH# \HDUV
HVWLPDWHV#UHTXLUH#GDWD#VHWV#WKDW#FDQ#DFFRXQW
IRU#WKH#KHDOWK#VWDWHV#RU#XWLOLWLHV#VSHFLILF#WR#D
ZLGH#YDULHW\#RI#KHDOWK#HIIHFWV#DVVRFLDWHG#ZLWK
DLU#SROOXWLRQ1##,Q#PDQ\#FDVHV/#WKHVH#HVWLPDWHV
DUH# QRW# DYDLODEOH# RU# DUH# EDVHG# RQ# KHDOWK
SURIHVVLRQDOV*#SHUFHSWLRQV#RI#YDULRXV#KHDOWK
RXWFRPHV/# DQG# QRW# QHFHVVDULO\# EDVHG# LQ
HFRQRPLF#XWLOLW\#WKHRU\1##

ü /RQJHYLW\=# # 7KH# ORQJHYLW\# YDOXDWLRQ
DSSURDFK# RI# -RKDQQHVVRQ# DQG# -RKDQVVRQ
+4<<9#DQG#4<<:,#SURYLGHV#DQ#HVWLPDWH#RI#WKH
YDOXH# IRU# DQ# LGHQWLILDEOH# RQH0\HDU# OLIH
H[WHQVLRQ1# #:KLOH# WKH# FRQWLQJHQW# YDOXDWLRQ
DSSURDFK#XVHG#PD\#EH#FRQVLVWHQW#ZLWK#XWLOLW\
WKHRU\/# WKH# FRPPRGLW\# YDOXHG# GRHV# QRW
UHSUHVHQW# WKH# FRPPRGLW\# JDLQHG# WKURXJK
LPSURYHPHQW#RI#DPELHQW#DLU#TXDOLW\1

ü &RVW#(IIHFWLYHQHVV=# #:KLOH# WKH# DSSURDFK
WDNHQ#E\#*DUEHU#DQG#3KHOSV#UHOLHV#RQ#VXUYLYDO
SUREDELOLWLHV# WKURXJKRXW# DQ# LQGLYLGXDO*V
OLIHWLPH/#WKH#PHWKRGRORJ\#LV#EDVHG#RQ#D#XWLOLW\
IXQFWLRQ# WKDW# PDNHV# VSHFLILF# DVVXPSWLRQV
DERXW#LQGLYLGXDO#SUHIHUHQFHV#WR#PHDVXUH#:73
UDWKHU# WKDQ# HOLFLWLQJ# YDOXH# IURP# HLWKHU# D
UHYHDOHG# RU# VWDWHG# SUHIHUHQFH# DSSURDFK1
0RUHRYHU/# WKLV# DSSURDFK#PHDVXUHV# D#:73
WKDW# LV# FRQVWUDLQHG# E\# LQFRPH1# # :KHUH
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Exhibit H-2
Summary of Alternative Methods for Assessing the Value of Reduced Mortality Risk

Method Description Strengths Weaknesses References

Value of Statistical Uses wage and risk data to - Revealed preference - Workplace risk context; working-age Summaries by Viscusi
Life (VSL) - hedonic estimate WTP to avoid risk in the - Well-established approach: more subjects and voluntary risk (1992) and others;
wage studies workplace than 60 primary studies - VSL may imply ex post risk many primary studies

VSL - contingent Uses survey responses to - Flexible approach; some studies - Risk information not well-understood Summaries by Viscusi
valuation studies estimate WTP to avoid risks use environmental risk context by subjects; questions may be unfamiliar (1992) and others

- Good data on WTP by - VSL may imply ex post risk
respondent

VSL - consumer Uses consumer expense and risk - Revealed preference - Major difficulties estimating both risk Summaries by Viscusi
market studies data (e.g., smoke detectors) to - Flexible approach and expense variables (1992) and others

estimate WTP to avoid risks - VSL may imply ex post risk

Value of Statistical Annual equivalent of VSL - Provides financially accurate - Adjustment may not reflect how Viscusi and Moore
Life Year (VSLY) estimates adjustment for age at death individuals consider life-years; assumes (1988); French and

they have equal value for all remaining Mauskopf (1992)
life-years

Quality Adjusted Life Applies quality adjustment to life- - Widely used in public health - Lack of data on health state indices Tolley (1994); Cutler
Year (QALY) extension data, uses cost- literature that assess different and life quality adjustments that are and Richardson

effectiveness data to value private medical interventions applicable to an air pollution context (1998)

WTP for change in Reflects WTP for change in risk, - Theoretically preferred approach - Almost no current literature Cropper and Sussman
survival curve potentially incorporates age- that most accurately reflects - Lack of available data due to the (1990)

specific nature of risk reduction nature of risk reductions from air severe methodological difficulties in
pollution control presenting complex risk data to subjects

and eliciting reliable values

WTP for change in Uses stated preference approach - Life expectancy is familiar term to - Life expectancy is a simplifed term that Johannesson and
longevity to generate WTP for longevity or most individuals does not incorporate age-specific risk Johansson (1997);

longer life expectancy information Health Canada (1998)
-Methodological and data problems in
attempting to adapt to air pollution
context

Cost-Effectiveness Develops a standard of - Widely used in public health - Public health context may be for Garber and Phelps
comparison to measure the contexts private goods (i.e., treatment) (1997)
efficiency of various treatments in - Dollar values do not necessarily reflect
achieving a given health outcome patient preferences

Note: WTP = willingness to pay
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Valuation of Hospital Admissions
Avoided

7KH#YDOXDWLRQ#RI#WKLV#EHQHILWV#FDWHJRU\#UHIOHFWV#WKH
YDOXH#RI# UHGXFHG# LQFLGHQFHV#RI#KRVSLWDO# DGPLVVLRQV
GXH#WR#UHVSLUDWRU\#RU#FDUGLRYDVFXODU#FRQGLWLRQV1##:H
PHDVXUH#DYRLGHG#KRVSLWDO#DGPLVVLRQV#DV#RSSRVHG#WR
WKH# QXPEHU# RI# DYRLGHG# FDVHV# RI# UHVSLUDWRU\# RU
FDUGLRYDVFXODU#FRQGLWLRQV/#EHFDXVH#RI#WKH#DYDLODELOLW\
RI# &05# UHODWLRQVKLSV# IRU# WKH# KRVSLWDO# DGPLVVLRQV
HQGSRLQW1##+RVSLWDO#DGPLVVLRQV#UHIOHFW#D#FODVV#RI#KHDOWK
HIIHFWV#OLQNHG#WR#DLU#SROOXWLRQ#ZKLFK#DUH#DFXWH#LQ#QDWXUH
EXW#PRUH# VHYHUH# WKDQ# WKH# V\PSWRP0GD\#PHDVXUHV
GLVFXVVHG#EHORZ1#

$V# GHVFULEHG# LQ# &KDSWHU# 8/# RXU# DSSURDFK# WR
HVWLPDWLQJ#WKH#QXPEHU#RI#LQFLGHQFHV#IRU#WKLV#FDWHJRU\
LQYROYHV# UHOLDQFH#RQ# VHYHUDO#FRQFHQWUDWLRQ0UHVSRQVH
+&05,# IXQFWLRQV1# # (DFK# FRQFHQWUDWLRQ0UHVSRQVH
IXQFWLRQ#SURYLGHV#DQ#DOWHUQDWLYH#GHILQLWLRQ#RI#HLWKHU
UHVSLUDWRU\# HIIHFWV# RU# FDUGLRYDVFXODU# HIIHFWV/# DQG
GHILQHV# DOWHUQDWLYH# UHODWLRQVKLSV# EHWZHHQ# D# VLQJOH
KHDOWK# DIIHFW# DQG# GLIIHUHQW# SROOXWDQWV1# # )RU# WKH
YDOXDWLRQ#RI# WKHVH# LQFLGHQFHV/# WKH# FXUUHQW# OLWHUDWXUH
SURYLGHV#ZHOO0GHYHORSHG#DQG#GHWDLOHG#FRVW#HVWLPDWHV#RI
KRVSLWDOL]DWLRQ# E\# KHDOWK# HIIHFW# RU# LOOQHVV1# # 8VLQJ
LOOQHVV0VSHFLILF#HVWLPDWHV#RI#DYRLGHG#PHGLFDO#FRVWV#DQG
DYRLGHG# FRVWV# RI# ORVW# ZRUN0WLPH/# GHYHORSHG# E\
(OL[KDXVHU#+4<<6,/#ZH#FRQVWUXFW#FRVW#RI#LOOQHVV#+&2,,
HVWLPDWHV#WKDW#DUH#VSHFLILF#WR#WKH#VXLWH#RI#KHDOWK#HIIHFWV
GHILQHG#E\#HDFK#&05#IXQFWLRQ1##)RU#H[DPSOH/#ZH#XVH
WZHOYH#GLVWLQFW#&05#IXQFWLRQV#WR#TXDQWLI\#WKH#H[SHFWHG
FKDQJH# LQ#UHVSLUDWRU\#DGPLVVLRQV1 # #&RQVHTXHQWO\# LQ<

WKLV# DQDO\VLV/# ZH# GHYHORS# WZHOYH# VHSDUDWH# &2,
HVWLPDWHV/#HDFK#UHIOHFWLQJ#WKH#XQLTXH#FRPSRVLWLRQ#RI
KHDOWK#HIIHFWV#FRQVLGHUHG#LQ#WKH#LQGLYLGXDO#VWXGLHV1#

%HFDXVH#HDFK#HSLGHPLRORJ\#VWXG\#GHILQHV#D#KHDOWK
HIIHFW#E\#D#JURXS#RI#,&'#FRGHV/#ZH#FRQVWUXFW#&2,
HVWLPDWHV#IRU#HDFK#VWXG\#E\#DJJUHJDWLQJ#HVWLPDWHV#WKDW
DUH#VSHFLILF#WR#DQ#,&'#FRGH1##7KHVH#HVWLPDWHV#XVH#WKH
IROORZLQJ#LQIRUPDWLRQ#UHSRUWHG#E\#(OL[KDXVHU#+4<<6,=

DYHUDJH# KRVSLWDO# FRVWV/# DYHUDJH# OHQJWK# RI# VWD\/# DQG
EDVHOLQH# LQFLGHQFHV1 # # :H# XVH# WKLV# ,&'# FRGH43

LQIRUPDWLRQ#WR#GHYHORS#YDOXDWLRQ#HVWLPDWHV#WKDW#KDYH
WZR#FRPSRQHQWV/#KRVSLWDO#FKDUJHV#DQG#ORVW#HDUQLQJV
GXH#WR#WKH#KRVSLWDO#VWD\1##2XU#HVWLPDWH#RI#ORVW#HDUQLQJV
GXH#WR#WLPH#VSHQW#LQ#WKH#KRVSLWDO#LV#EDVHG#RQ#YDOXLQJ
WKH#DYHUDJH# OHQJWK#RI#KRVSLWDO#VWD\#DW#D#GDLO\#UDWH#RI
';61##7KLV#GDLO\#UDWH#LV#WKH#PHGLDQ#ZHHNO\#ZDJH#GLYLGHG
E\#ILYH#ZRUN#GD\V#DQG#LV#EDVHG#RQ#8161#'HSDUWPHQW#RI
&RPPHUFH#ILJXUHV#+4<<5,1##$IWHU#GHYHORSLQJ#YDOXHV#IRU
HDFK#UHOHYDQW#,&'#FRGH#+L1H1/#KRVSLWDO#FRVWV#SOXV#ORVW
HDUQLQJV,/# ZH# ZHLJKW# WKHVH# YDOXHV# EDVHG# RQ# WKHLU
SUHYDOHQFH#LQ#WKH#EDVHOLQH1##7KH#ILQDO#&2,#HVWLPDWH/
VSHFLILF# WR# HDFK# VWXG\/# LV# WKH# VXP#RI# WKH#ZHLJKWHG
YDOXH#RI#,&'#FRGH0VSHFLILF#HVWLPDWHV1

:H#XVH#D#0RQWH#&DUOR#DSSURDFK#WR#FRPELQHV#WKH
YDOXDWLRQ#DQG#SK\VLFDO#HIIHFWV#PRGHOLQJ#WR#JHQHUDWH#D
EHQHILWV# HVWLPDWH# IRU# KRVSLWDO# DGPLVVLRQV1# # 7KLV
DSSURDFK#DOVR#DOORZV#XV#WR#DFFRXQW#IRU#WKH#YDULDELOLW\
LQ#FRVWV#GXH#WR#DOWHUQDWLYH#GHILQLWLRQV#RI#UHVSLUDWRU\
DQG#FDUGLRYDVFXODU#FRQGLWLRQV#WKDW#UHVXOW#LQ#D#KRVSLWDO
DGPLVVLRQ1##7KH#0RQWH#&DUOR#SURFHVV#IRU#LQWHJUDWLQJ
WKH#&05# IXQFWLRQ# DQG# LWV#&2,# YDOXH# LQYROYHV# ILUVW
UDQGRPO\#VHOHFWLQJ#DQ#HVWLPDWHG#FKDQJH#LQ#LQFLGHQFHV
IURP# WKH# VXLWH# RI# DSSOLFDEOH# &05# IXQFWLRQV1# # )RU
H[DPSOH/#ZH# XVH# ILYH# HSLGHPLRORJ\# VWXGLHV# IRU# WKH
HQGSRLQW#KRVSLWDO#DGPLVVLRQV#GXH# WR#FDUGLRYDVFXODU
HIIHFWV/#DQG#GHYHORS#&2,#HVWLPDWHV#VSHFLILF#WR#HDFK
VWXG\1# #7KH#0RQWH#&DUOR#PRGHOLQJ# WKHQ#VHOHFWV# WKH
&2,# HVWLPDWH# VSHFLILFDOO\# GHYHORSHG# IRU# WKDW# &05
IXQFWLRQ1# #7KHVH#YDOXHV#DUH#PXOWLSOLHG#WR#JHQHUDWH#D
VLQJOH# EHQHILWV# HVWLPDWH# IRU# UHGXFHG# KRVSLWDO
DGPLVVLRQV1##7KLV#SURFHVV#LV#UHSHDWHG#VR#WKDW#WKH#YDOXH
IURP# HDFK# LWHUDWLRQ# LV# FROOHFWHG# WR# JHQHUDWH# D
GLVWULEXWLRQ# WKDW# FKDUDFWHUL]HV# WKH# UDQJH# DQG
SUREDELOLW\# RI# SRVVLEOH# EHQHILWV# HVWLPDWHV1# # 7KH
SULPDU\#EHQHILW#HVWLPDWHV#RI#DYRLGHG#FDUGLRYDVFXODU0
UHODWHG#KRVSLWDO#DGPLVVLRQV#UHIOHFW#WKH#FHQWUDO#YDOXH#RI
WKLV#GLVWULEXWLRQ1##

7KH#XVH#RI#&2,#HVWLPDWHV#VXJJHVWV#ZH#DUH#OLNHO\#WR
VLJQLILFDQWO\#XQGHUHVWLPDWH#WKH#:73#WR#DYRLG#KRVSLWDO

)RU#PRUH#GHWDLOHG#GLVFXVVLRQ#RI#WKH#YDULRXV#KHDOWK#HIIHFWV<

FRQVLGHUHG#E\#HDFK#&05#IXQFWLRQ#DQG#PHWKRGRORJ\#IRU#HVWLPDWLQJ 3RWHQWLDO# LOOQHVVHV# DVVRFLDWHG# ZLWK# UHVSLUDWRU\# DQG
WKH#QXPEHU#RI#DYRLGHG#KRVSLWDO#DGPLVVLRQV/#VHH#$SSHQGL[#'1## FDUGLRYDVFXODU#DGPLVVLRQV##ZHUH#LGHQWLILHG#E\#,&'0<#FRGH1

43
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DGPLVVLRQ1##7KH#YDOXDWLRQ#RI#DQ\#JLYHQ#KHDOWK#HIIHFW/ FKURQLF# EURQFKLWLV# LV# EDVHG# RQ# WKH# GLVWULEXWLRQ# RI
VXFK# DV# KRVSLWDOL]DWLRQ/# VKRXOG# UHIOHFW# WKH# YDOXH# RI :73#UHVSRQVHV#IURP#9LVFXVL#HW#DO1#+4<<4,1
DYRLGLQJ#DVVRFLDWHG#SDLQ#DQG#VXIIHULQJ#DQG#ORVW#OHLVXUH
WLPH/#LQ#DGGLWLRQ#WR#PHGLFDO#FRVWV#DQG#ORVW#ZRUN#WLPH1 %RWK# WKH# 9LVFXVL# HW# DO1# DQG# WKH#.UXSQLFN# DQG
:KLOH# WKH# SUREDELOLW\# GLVWULEXWLRQV# LQ# WKLV# DQDO\VLV &URSSHU#VWXGLHV#HVWLPDWH#WKH#:73#WR#DYRLG#D#VHYHUH
FKDUDFWHUL]H#D#UDQJH#RI#SRWHQWLDO#FRVWV#DVVRFLDWHG#ZLWK FDVH#RI#FKURQLF#EURQFKLWLV# +&%,1# #7KH# LQFLGHQFH#RI
KRVSLWDOL]DWLRQ/#WKH\#GR#QRW#DFFRXQW#IRU#WKH#RPLVVLRQ SROOXWLRQ0UHODWHG#FKURQLF#EURQFKLWLV/#KRZHYHU/#LV#EDVHG
RI#IDFWRUV#IURP#WKH#&2,#HVWLPDWHV/#VXFK#DV#SDLQ#DQG RQ#WKUHH#VWXGLHV#ZKLFK#FRQVLGHU#RQO\#QHZ#LQFLGHQFHV
VXIIHULQJ1# # &RQVHTXHQWO\/# WKH# YDOXDWLRQV# IRU# WKHVH RI#WKH#LOOQHVV#DQG#WKH#UHVXOWLQJ#VHYHULW\#LV#XQNQRZQ1
HQGSRLQWV#PRVW#OLNHO\#XQGHUVWDWH#WKH#WUXH#VRFLDO#YDOXHV ,Q# UHVSRQVH# WR# WKH# XQFHUWDLQW\# UHJDUGLQJ# KRZ# WKH
IRU#DYRLGLQJ#KRVSLWDO#DGPLVVLRQV#GXH#WR#UHVSLUDWRU\#RU VHYHULW\#RI#D#QHZ#FDVH#PD\#SURJUHVV/#WKH#SURVSHFWLYH
FDUGLRYDVFXODU#FRQGLWLRQV1 DQDO\VLV# DGMXVWV# 9LVFXVL# HW# DO1*V# :73# HVWLPDWHV

Valuation of Chronic Bronchitis
Avoided

,Q#WKLV#DQDO\VLV/#FKURQLF#EURQFKLWLV#LV#RQH#RI#WKH
WZR#PRQHWL]HG#PRUELGLW\# HQGSRLQWV#ZKRVH# HIIHFWV
PD\#EH#H[SHFWHG#WR#ODVW#IURP#WKH#LQLWLDO#RQVHW#RI#WKH
LOOQHVV# WKURXJKRXW# WKH# UHVW# RI# WKH# LQGLYLGXDO·V# OLIH1
:73# WR# DYRLG# FKURQLF# EURQFKLWLV# WKHUHIRUH
LQFRUSRUDWHV# WKH# SUHVHQW# GLVFRXQWHG# YDOXH# RI# D
SRWHQWLDOO\# ORQJ# VWUHDP# RI# FRVWV# +H1J1/# PHGLFDO
H[SHQGLWXUHV#DQG# ORVW#HDUQLQJV,#DQG#UHGXFHG#KHDOWK0
VWDWH#XWLOLW\1 #44

7ZR#VWXGLHV/#9LVFXVL#HW#DO1# +4<<4,#DQG#.UXSQLFN
DQG# &URSSHU# +4<<5,# SURYLGH# HVWLPDWHV# RI#:73# WR
DYRLG#D#FDVH#RI#FKURQLF#EURQFKLWLV1##:KLOH#DOWHUQDWLYH
HVWLPDWHV# H[LVW/#PDQ\# DUH# GHULYHG# IURP# WKHVH# WZR
SULPDU\#VWXGLHV1 ##7KH#VWXG\#E\#9LVFXVL#HW#DO1#XVHV#D45

VDPSOH#WKDW#LV#ODUJHU#DQG#PRUH#UHSUHVHQWDWLYH#RI#WKH
JHQHUDO#SRSXODWLRQ/#ZKLOH#WKH#.UXSQLFN#DQG#&URSSHU
VWXG\#VROLFLWV#YDOXHV#RQO\#IURP#LQGLYLGXDOV#ZKR#KDYH#D
UHODWLYH#ZLWK#WKH#GLVHDVH1##$V#D#UHVXOW/#WKH#YDOXDWLRQ#RI

46

GRZQZDUG1##7KLV#DGMXVWPHQW#UHIOHFWV#WKH#GHFUHDVH#LQ
VHYHULW\#RI#D#FDVH#RI#SROOXWLRQ0UHODWHG#&%#UHODWLYH#WR
WKH#FDVH#LQ#WKH#9LVFXVL#VWXG\#DQG#WKH#HODVWLFLW\#RI#:73
ZLWK# UHVSHFW# WR# VHYHULW\1# #7KH#HODVWLFLW\#RI#:73# WR
DYRLG#&%#LV#D#PDUJLQDO#YDOXH#DQG#QRW#XQLW#HODVWLF#+L1H1/
QRW#HTXDO#WR#RQH,1##&RQVHTXHQWO\/#:73#DGMXVWPHQWV
DUH#PDGH#LQ#RQH#SHUFHQW#LQFUHPHQWV1##$W#HDFK#VWHS/#WKH
:73# VSHFLILF# WR# D# JLYHQ#&%# VHYHULW\# OHYHO# +VHY,/# LV
DGMXVWHG#WR#GHULYH#WKH#:73#WR#DYRLG#D#FDVH#ZLWK#D#RQH
SHUFHQW# ORZHU# OHYHO# RI# VHYHULW\# E\# FDOFXODWLQJ# +
31<<-VHY,1 ##,Q#WKLV#DQDO\VLV/#ZH#GHULYH#DQ#HVWLPDWH#RI47

:73#IRU#D#FDVH#RI#FKURQLF#EURQFKLWLV#WKDW#UHSUHVHQWV
D#83#SHUFHQW#UHGXFWLRQ#LQ#WKH#VHYHULW\#GHVFULEHG#LQ#WKH
9LVFXVL#VWXG\1##7KH#LWHUDWLYH#SURFHGXUH#FRQWLQXHV#XQWLO
WKH#VHYHULW\#LV#KDOI#RI#WKH#RI#WKH#9LVFXVL#YDOXH1

:LWK#WKH#GRZQZDUG#DGMXVWPHQW#WR#9LVFXVL#HW#DO1*V
:73#HVWLPDWH/#FDOFXODWLQJ#WKH#:73#WR#DYRLG#D#FDVH#RI

7KH#VHYHULW\#RI#FDVHV#RI#FKURQLF#EURQFKLWLV#YDOXHG#LQ#VRPH WRWDO#SUHYDOHQFH#RI#FKURQLF#EURQFKLWLV/#UDWKHU#WKDQ#WKH#LQFLGHQFH#RI44

VWXGLHV#DSSURDFKHV#WKDW#RI#FKURQLF#REVWUXFWLYH#SXOPRQDU\#GLVHDVH1 RQO\#QHZ#FKURQLF#EURQFKLWLV#ZHUH#SUHGLFWHG#HDFK#\HDU/#YDOXDWLRQ
7R#PDLQWDLQ#FRQVLVWHQF\#ZLWK# WKH#H[LVWLQJ# OLWHUDWXUH/#ZH#GR#QRW HVWLPDWHV#UHIOHFWLQJ#OLIHWLPH#ORVVHV#FRXOG#EH#UHSHDWHGO\#DSSOLHG#WR
WUHDW#WKRVH#FDVHV#VHSDUDWHO\#LQ#WKLV#DQDO\VLV1# WKH# VDPH# LQGLYLGXDO# IRU# PDQ\# \HDUV/# UHVXOWLQJ# LQ# D# VHYHUH

)RU#H[DPSOHV#RI#DOWHUQDWLYH#HVWLPDWHV#VHH#'HVYRXVJHV#HW#DO145

+4<<;,#DQG#7ROOH\#HW#DO1#+4<<7,1##%RWK#VWXGLHV#SUHVHQW#HVWLPDWHV#RI
DYRLGLQJ#RQH#\HDU#RI##FKURQLF#EURQFKLWLV#WKDW#DUH#EDVHG#RQ#DGMXVWLQJ #1RWH#WKDW#WKH#HODVWLFLW\#FKDQJHV#DW#HDFK#LWHUDWLRQ#EHFDXVH
YDOXHV#IURP#HLWKHU#9LVFXVL#HW#DO1#+4<<4,#RU#.UXSQLFN#DQG#&URSSHU WKH# HODVWLFLW\#RI#:73#ZLWK# UHVSHFW# WR# VHYHULW\# LV# D# IXQFWLRQ#RI
+4<<5,1### VHYHULW\1##

#7KH#WKUHH#VWXGLHV#DUH#$EEH\#HW#DO1#+4<<6,/#$EEH\#HW#DO1#+4<<8,46

DQG# 6FKZDUW]# +4<<6,1# #)RU#PRUH#GLVFXVVLRQ#RI# # HVWLPDWLQJ# WKH
QXPEHU#RI#DYRLGHG#FDVHV#RI#FKURQLF#EURQFKLWLV#VHH#$SSHQGL[#'/
+XPDQ# +HDOWK# (IIHFW# RI# &ULWHULD# 3ROOXWDQWV1# # ,QFLGHQFHV# DUH
SUHGLFWHG#VHSDUDWHO\#IRU#HDFK#\HDU#GXULQJ#WKH#SHULRG#4<<3053431#
,W# LV# LPSRUWDQW# WKDW# RQO\# QHZ# FDVHV# RI# FKURQLF# EURQFKLWLV# DUH
FRQVLGHUHG#LQ#WKLV#DQDO\VLV#EHFDXVH#:73#HVWLPDWHV#UHIOHFW#OLIHWLPH
H[SHQGLWXUHV#DQG#ORZHU#XWLOLW\#DVVRFLDWHG#ZLWK#WKH#LOOQHVV1##,I#WKH

RYHUHVWLPDWLRQ#RI#WKH#YDOXH#RI#DYRLGLQJ#SROOXWLRQ0UHODWHG#FKURQLF
EURQFKLWLV1

47
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SROOXWLRQ0UHODWHG# FKURQLF# EURQFKLWLV# KDV# WKUHH DOWKRXJK#WKH#PRVW#VHYHUH#FDVH#RI#&%#LQ#WKDW#VWXG\#LV
FRPSRQHQWV/#HDFK#LQWURGXFLQJ#VRPH#XQFHUWDLQW\1##7KH DVVLJQHG#D#VHYHULW\#OHYHO#RI#461 #
FRPSRQHQWV#DUH# +4,#:73# WR#DYRLG#D#FDVH#RI#VHYHUH
&%/# +5,# WKH# VHYHULW\# OHYHO# RI# DQ# DYHUDJH# SROOXWLRQ0 7KH#HODVWLFLW\#RI#:73#WR#DYRLG#D#FDVH#RI#&%#ZLWK
UHODWHG#FDVH#RI#&%#UHODWLYH#WR#WKDW#RI#WKH#VHYHUH#FDVH/ UHVSHFW#WR#WKH#VHYHULW\#RI#WKH#FDVH#HTXDOV#D#FRQVWDQW
DQG#+6,#WKH#HODVWLFLW\#RI#:73#ZLWK#UHVSHFW#WR#VHYHULW\1 WLPHV#WKH#VHYHULW\#OHYHO1##7KLV#FRQVWDQW/#HVWLPDWHG#LQ
%DVHG#RQ#DVVXPSWLRQV#DERXW#WKH#GLVWULEXWLRQV#RI#HDFK .UXSQLFN# DQG# &URSSHU*V# VWXG\# RI# WKH# UHODWLRQVKLS
FRPSRQHQW*V#YDOXH/#D#GLVWULEXWLRQ#RI#:73#WR#DYRLG#D EHWZHHQ# VHYHULW\# DQG# WKH# QDWXUDO# ORJ# RI#:73/# LV
SROOXWLRQ0UHODWHG#FDVH#RI#&%#LV#GHULYHG#E\#0RQWH#&DUOR QRUPDOO\#GLVWULEXWHG#ZLWK#PHDQ#RI#314;#DQG#VWDQGDUG
PHWKRGV1##(DFK#RI#WKH#WKUHH#XQGHUO\LQJ#GLVWULEXWLRQV GHYLDWLRQ#RI#31399<1
LV#GHVFULEHG#EULHIO\#EHORZ1

7KH#GLVWULEXWLRQ#RI#:73#WR#DYRLG#D#VHYHUH#FDVH#RI FRPSRQHQWV# GHVFULEHG# DERYH/# WKH# 0RQWH# &DUOR
&%#LV#EDVHG#RQ#WKH#GLVWULEXWLRQ#RI#:73#UHVSRQVHV#LQ DQDO\VLV# JHQHUDWHV# D# GLVWULEXWLRQ# ZLWK# D# PHDQ# RI
WKH#9LVFXVL#VWXG\1# #9LVFXVL# HW#DO1#GHULYHG#DQ# LPSOLFLW '593/333#IRU#:73#WR#DYRLG#D#SROOXWLRQ0UHODWHG#FDVH#RI
:73#WR#DYRLG#D#VWDWLVWLFDO#FDVH#RI#FKURQLF#EURQFKLWLV &%1# # &RQVLVWHQW# ZLWK# HFRQRPLF# WKHRU\/# WKH# &2,
IURP#UHVSRQGHQWV·#:73#IRU#D#VSHFLILHG#UHGXFWLRQ#LQ HVWLPDWHV#JHQHUDWHG#E\#&URSSHU#DQG#.UXSQLFN#+4<<3,
ULVN1##7KH#PHDQ#UHVSRQVH#LPSOLHG#D#:73#RI#DERXW#'4 DUH#ORZHU#WKDQ#WKH#PHDQ#:73#HVWLPDWH#+L1H1/#&2,#GRHV
PLOOLRQ#+4<<3#GROODUV,>#WKH#PHGLDQ#UHVSRQVH#LPSOLHG#D QRW#UHIOHFWV#WKH#GHVLUH#WR#DYRLG#SDLQ#DQG#VXIIHULQJ,1
:73#RI#DERXW#'863/333#+4<<3#GROODUV,1 ##9LVFXVL#HW#DO1 7KHVH#&2,#HVWLPDWHV#DUH#DSSUR[LPDWHO\#';9/333#IRU#D48

UHSRUW#WKH#PHDQ#DQG#PHGLDQ#RI#WKHLU#GLVWULEXWLRQ#RI 63#\HDU#ROG/#';7/333#IRU#D#73#\HDU#ROG/#':9/333#IRU#D#83
:73# UHVSRQVHV# DQG# WKH# GHFLOH# SRLQWV1# # 7KH \HDU# ROG/# DQG# '76/333# IRU# D# 93# \HDU# ROG# +LQ# 4<<3
GLVWULEXWLRQ# RI# UHOLDEOH# :73# UHVSRQVHV# IURP# WKH GROODUV,1# #7KH#SURVSHFWLYH*V#:73#HVWLPDWH# LV#6#WR#9
9LVFXVL# VWXG\# FDQ# WKHUHIRUH# EH# DSSUR[LPDWHG# E\# D WLPHV#JUHDWHU#WKDQ#WKH#IXOO#&2,#HVWLPDWH#IRU#63#\HDU
GLVFUHWH# GLVWULEXWLRQ/# DVVLJQLQJ# HTXDO# SUREDELOLW\# WR ROGV#DQG#93#\HDU#ROGV/#UHVSHFWLYHO\1
HDFK# RI# WKH# ILUVW# QLQH# GHFLOH# SRLQWV# +RU# RQH0QLQWK
SUREDELOLW\#WR#HDFK#GHFLOH,1# #7KLV#PHWKRG#RPLWV#ILYH
SHUFHQW# RI# WKH# UHVSRQVHV# IURP# HDFK# HQG# RI# WKH
GLVWULEXWLRQ# +L1H1/# WKH# H[WUHPH# WDLOV# ZKLFK# DUH
FRQVLGHUHG#XQUHOLDEOH,1# #2XU#SUHVHQW#VWXG\#XVHV#WKLV
WULPPHG# GLVWULEXWLRQ# RI# 9LVFXVL# HW# DO1*V# # :73
UHVSRQVHV/# IRU# ZKLFK# WKH#PHDQ# LV# ':53/333# +4<<3
GROODUV,/#DV#WKH#GLVWULEXWLRQ#RI#:73V#WR#DYRLG#D#VHYHUH
FDVH#RI#&%1#

7KH#GLVWULEXWLRQ#RI#WKH#VHYHULW\#OHYHO#RI#DQ#DYHUDJH
FDVH#RI#SROOXWLRQ0UHODWHG#&%#LV#EDVHG#RQ#WKH#VHYHULW\
OHYHOV#XVHG#LQ#.UXSQLFN#DQG#&URSSHU*V#VWXG\/#ZKLFK
HVWLPDWHV#WKH#UHODWLRQVKLS#EHWZHHQ#VHYHULW\#OHYHO#DQG
WKH#QDWXUDO#ORJ#RI#:731##7KH#GLVWULEXWLRQ#LV#WULDQJXODU
ZLWK# D#PHDQ# RI# 918# DQG# HQGSRLQWV# DW# 413# DQG# 45/

49

8VLQJ# GLVWULEXWLRQV# RI# WKH# WKUHH# :73

4:

Valuation of Chronic Asthma Avoided

&KURQLF#DVWKPD#LV#WKH#RWKHU#PRUELGLW\#HQGSRLQW
WKDW#LV#YDOXHG#DV#D#KHDOWK#FRQGLWLRQ#ODVWLQJ#WKURXJKRXW
DQ#LQGLYLGXDO·V#OLIHWLPH1##7KH#QXPEHU#RI#QHZ#FDVHV#RI
FKURQLF#DVWKPD#LV#EDVHG#RQ#D#VWXG\#E\#0F'RQQHOO#HW
DO1# +4<<<,/# DQG# VSHFLILFDOO\# H[DPLQHV# WKH# HIIHFWV# RI
R]RQH#DV#D#SRWHQWLDO#FDXVH#RI#WKH#LOOQHVV#DPRQJ#DGXOW
PDOHV#+L1H1/#DJHV#5:#DQG#ROGHU,1##6LPLODU#WR#WKH#YDOXDWLRQ
RI#FKURQLF#EURQFKLWLV/#:73#WR#DYRLG#FKURQLF#DVWKPD

7KHUH#LV#DQ#LQGLFDWLRQ#LQ#WKH#9LVFXVL#SDSHU#WKDW#WKH#GROODU HVWLPDWHV# RI# WKH# SUHVHQW# YDOXH# RI# WKH# VWUHDP# RI# PHGLFDO48

YDOXHV#LQ#WKH#SDSHU#DUH#LQ#4<;:#GROODUV1##8QGHU#WKLV#DVVXPSWLRQ/#WKH H[SHQGLWXUHV#DQG#ORVW#HDUQLQJV#DVVRFLDWHG#ZLWK#DQ#DYHUDJH#FDVH#RI
GROODU#YDOXHV#ZHUH#FRQYHUWHG#WR#4<<3#GROODUV1 FKURQLF#EURQFKLWLV1##

7KH#.UXSQLFN#DQG#&URSSHU#VWXG\#EDVHV#LWV#PRVW#VHYHUH#FDVH49

RI#&%#+L1H1/#VHYHULW\#OHYHO#HTXDO#WR#46,#RQ#WKDW#XVHG#LQ#WKH#9LVFXVL
VWXG\1##

#8VLQJ#D#8#SHUFHQW#GLVFRXQW#UDWH#DQG#DVVXPLQJ#WKDW#4,#ORVW4:

HDUQLQJV# FRQWLQXH# XQWLO# DJH# 98/# 5,# PHGLFDO# H[SHQGLWXUHV# DUH
LQFXUUHG# XQWLO# GHDWK/# DQG# 6,# OLIH# H[SHFWDQF\# LV# XQFKDQJHG# E\
FKURQLF# EURQFKLWLV/# &URSSHU# DQG#'HVYRXVJHV# FDOFXODWH# VHYHUDO
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LV#SUHVHQWHG#DV#WKH#QHW#SUHVHQW#YDOXH#RI#ZKDW#ZRXOG %ORPTXLVW#VWXG\#DQG#'5</333#IURP#WKH#%OXPHQVFKHLQ
SRWHQWLDOO\#EH#D#VWUHDP#RI#FRVWV#DQG#ORZHU#ZHOO0EHLQJ DQG#-RKDQQHVVRQ#VWXG\1##
LQFXUUHG#RYHU#D#OLIHWLPH1##

(VWLPDWHV#RI#:73#WR#DYRLG#DVWKPD#DUH#SURYLGHG
LQ#WZR#VWXGLHV/#RQH#E\#%OXPHQVFKHLQ#DQG#-RKDQQHVVRQ
+4<<;,#DQG#RQH#E\#2·&RQRU#DQG#%ORPTXLVW# +4<<:,1
%RWK#VWXGLHV#XVH#WKH#FRQWLQJHQW#YDOXDWLRQ#PHWKRG#WR
VROLFLW#DQQXDO#:73#HVWLPDWHV# IURP# LQGLYLGXDOV#ZKR
KDYH# EHHQ# GLDJQRVHG# DV# DVWKPDWLFV1# # (DFK# VWXG\/
KRZHYHU/# DSSOLHV# D# GLIIHUHQW# YDOXDWLRQ# DSSURDFK1
%OXPHQVFKHLQ#DQG#-RKDQQHVVRQ#VROLFLW#:73#YDOXHV#E\
DVNLQJ#GLFKRWRPRXV#FKRLFH#DQG#RSHQ0HQGHG#ELGGLQJ
JDPH# TXHVWLRQV1# #7KH\# UHSRUW# DQ# DYHUDJH#PRQWKO\
:73#RI#'495#ZKLFK##DPRXQWV#WR#DQ#DQQXDO#YDOXH#RI
DSSUR[LPDWHO\# '4/<33# +4<<3#GROODUV,1# #$OWHUQDWLYHO\/
2*&RQRU# DQG# %ORPTXLVW# DSSO\# D# ULVN0ULVN# WUDGHRII
DSSURDFK#VLPLODU#WR#WKDW#XVHG#LQ#WKH#FKURQLF#EURQFKLWLV
VWXGLHV1# #7KH\#FDOFXODWH#'4/533#+4<<3#GROODUV,#DV#WKH
DYHUDJH#DQQXDO#:73#WR#DYRLG#DVWKPD1

7R# PDLQWDLQ# FRQVLVWHQF\# EHWZHHQ# WKH# KHDOWK
HIIHFWV#PRGHOLQJ#DQG#WKH#YDOXDWLRQ/#WKH#:73#HVWLPDWHV
ZHUH# DGMXVWHG# WR# DFFRXQW# IRU# WZR# IDFWRUV1# # $V
PHQWLRQHG# HDUOLHU/# YDOXDWLRQ# RI# FKURQLF# PRUELGLW\
HQGSRLQWV#VKRXOG#DSSUR[LPDWH#WKH#FRVWV#DQG#ORZHUHG
KHDOWK0VWDWH# XWLOLW\# WKDW# DUH# LQFXUUHG# RYHU# DQ
LQGLYLGXDO*V# OLIHWLPH1# # :H# DVVXPH# WKDW# WKH# KHDOWK
FRQGLWLRQ#GRHV#QRW#DIIHFW#WKH#DYHUDJH#OLIH#H[SHFWDQF\
RI# DQ# LQGLYLGXDO# +L1H1/# GRHV# QRW# FDXVH# SUHPDWXUH
PRUWDOLW\,1# # 5HFRJQL]LQJ# WKDW# WKH# DYHUDJH# OLIH
H[SHFWDQF\#ZLOO#YDU\#ZLWK#GLIIHUHQW#DJH#JURXSV#DQG#WKDW
HDFK#DJH#JURXS#GRHV#QRW#UHSUHVHQW#DQ#HTXDO#SRUWLRQ#RI
WKH#SRSXODWLRQ/#WKH#SUHVHQW#GLVFRXQWHG#VWUHDP#RI#:73
LV#FDOFXODWHG#IRU#VHYHQ#GLIIHUHQW#DJH#FRKRUWV#+EHWZHHQ
WKH#DJHV#5:#DQG#;8,1##,Q#WXUQ/#WKH#QHW#SUHVHQW#YDOXH#IRU
HDFK# DJH# JURXS# LV#ZHLJKWHG# E\# WKDW# DJH# FDWHJRU\*V
UHSUHVHQWDWLYH# VKDUH# RI# WKH# WRWDO# SRSXODWLRQ1# #7KLV
FDOFXODWLRQ# ZDV# SHUIRUPHG# IRU# WKH# PHDQ# :73
HVWLPDWHV#SUHVHQWHG# LQ#WKH#WZR#VWXGLHV1# #7KH#FHQWUDO
HVWLPDWH#RI#:73#WR#DYRLG#D#FDVH#RI#FKURQLF#DVWKPD
DPRQJ# DGXOW# PDOHV/# DSSUR[LPDWHO\# '58/333/# LV# WKH
DYHUDJH#RI#WKH#SUHVHQW#GLVFRXQWHG#YDOXH#IURP#WKH#WZR
VWXGLHV1# #7KH# DQDO\VLV# FKDUDFWHUL]HV# WKH# XQFHUWDLQW\
DURXQG# WKLV# HVWLPDWH# E\# DSSO\LQJ# XSSHU# DQG# ORZHU
YDOXHV#EDVHG#RQ#WKH#SUHVHQW#GLVFRXQWHG#YDOXH#GHULYHG
IURP#HDFK#VWXG\/#'4</333#GHULYHG#IURP#2*&RQRU#DQG

Valuation of Other Morbidity Endpoints
Avoided 

7KH#YDOXDWLRQ#RI#D#VSHFLILF#VKRUW0WHUP#PRUELGLW\
HQGSRLQW# LV# JHQHUDOO\# VROLFLWHG# E\# UHSUHVHQWLQJ# WKH
LOOQHVV# DV# D# FOXVWHU# RI# DFXWH# V\PSWRPV1# # )RU# HDFK
V\PSWRP/# WKH#:73# LV#FDOFXODWHG1# #7KHVH#YDOXHV/# LQ
WXUQ/#DUH#DJJUHJDWHG#WR#DUULYH#DW#WKH#:73#WR#DYRLG#D
VSHFLILF# VKRUW# WHUP# FRQGLWLRQ1# # )RU# H[DPSOH/# WKH
HQGSRLQW# ORZHU# UHVSLUDWRU\# V\PSWRPV# +/56,# LV
UHSUHVHQWHG# E\# WZR# RU# PRUH# RI# WKH# IROORZLQJ
V\PSWRPV=#UXQQ\#RU#VWXII\#QRVH>#FRXJKLQJ>#DQG#H\H
LUULWDWLRQ1##7KH#:73#WR#DYRLG#RQH#GD\#RI#/56#LV#WKH
VXP#RI#YDOXHV#DVVRFLDWHG#ZLWK#WKHVH#V\PSWRPV1##7KH
SULPDU\#DGYDQWDJH#RI#WKLV#DSSURDFK#LV#WKDW#LV#SURYLGHV
VRPH#IOH[LELOLW\#LQ#FRQVWUXFWLQJ#HVWLPDWHV#WR#UHSUHVHQW
D#YDULHW\#RI#KHDOWK#HIIHFWV1#

$W# WKH# WLPH# RI# WKH# 6HFWLRQ# ;45# UHWURVSHFWLYH
DQDO\VLV#WKHUH#ZHUH#RQO\#D#VPDOO#QXPEHU#RI#DYDLODEOH
VWXGLHV# RQ# ZKLFK# WR# EDVH# HVWLPDWHV# +WZR# RU# WKUHH
VWXGLHV/# IRU# VRPH# HQGSRLQWV># RQO\# RQH# VWXG\# IRU
RWKHUV,1##6LQFH#WKH#UHWURVSHFWLYH#DQDO\VLV/#PXFK#RI#WKH
OLWHUDWXUH# VXJJHVWV# WKHUH# DUH#GHYHORSLQJ# DSSURDFKHV
WKDW#PD\#HYHQWXDOO\#OHDG#WR#WKH#UHILQHPHQW#RI#HVWLPDWHV
DQG#WKH#RYHUFRPLQJ#RI#VRPH#OLPLWDWLRQV#WR#WKH#FXUUHQW
DSSURDFK#WR#FRQVWUXFWLQJ#YDOXHV1##)RU#H[DPSOH#WKHUH
LV# H[WHQVLYH# SURJUHVV# LQ# GHYHORSLQJ# YDOXDWLRQ
WHFKQLTXHV#WKDW#UHIOHFW#DQ#LQGLYLGXDO*V#FXUUHQW#KHDOWK
VWDWH#DQG#PRUH#DFFXUDWHO\#DFFRXQW#IRU#D#V\PSWRPV·V
DWWULEXWHV#+L1H1/#GXUDWLRQ#DQG#VHYHULW\,1#
#

7KHUH# DUH# VHYHUDO# DVSHFWV# RI# WKH# VKRUW0WHUP
PRUELGLW\# YDOXDWLRQ# HVWLPDWHV#ZRUWK#QRWLQJ1# #)LUVW/
HVWLPDWHV#RI#:73#PD\#EH#XQGHUVWDWHG#IRU#DW#OHDVW#WZR
UHDVRQV1##,I#H[SRVXUH#WR#SROOXWLRQ#KDV#DQ\#FXPXODWLYH
RU#ODJJHG#HIIHFWV/#WKHQ#D#JLYHQ#UHGXFWLRQ#LQ#SROOXWLRQ
FRQFHQWUDWLRQV# LQ#RQH#\HDU#PD\#FRQIHU#EHQHILWV#QRW
RQO\#LQ#WKDW#\HDU#EXW#LQ#IXWXUH#\HDUV#DV#ZHOO1#%HQHILWV
DFKLHYHG#LQ#ODWHU#\HDUV#DUH#QRW#LQFOXGHG1##,Q#DGGLWLRQ/
WKH#SRVVLEOH#HIIHFWV#RI#DOWUXLVP#DUH#QRW#FRQVLGHUHG#LQ
DQ\#RI#WKH#HFRQRPLF#YDOXH#GHULYDWLRQV1##,QGLYLGXDOV·
:73# IRU# UHGXFWLRQV# LQ# KHDOWK# ULVNV# IRU# RWKHUV# DUH
LPSOLFLWO\# DVVXPHG# WR# EH# ]HUR1# #7KH# VHFRQG# SRLQW
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ZRUWK#QRWLQJ#LV#WKDW#WKH#WRWDO#EHQHILW#DWWULEXWHG#WR#WKH
UHGXFWLRQ# RI# SDUWLFXODU# SROOXWDQW·V# FRQFHQWUDWLRQ# LV
GHWHUPLQHG#ODUJHO\#E\#WKH#EHQHILW#DVVRFLDWHG#ZLWK#LWV
FRUUHVSRQGLQJ# UHGXFWLRQ# LQ#PRUWDOLW\# ULVN1# #7KLV# LV
ODUJHO\#GXH#WR#WKH#GROODU#YDOXH#DVVRFLDWHG#ZLWK#PRUWDOLW\
ZKLFK#LV#VLJQLILFDQWO\#JUHDWHU#WKDQ#DQ\#RWKHU#YDOXDWLRQ
HVWLPDWH1##0RUH#GHWDLOHG#H[SODQDWLRQV#IRU#YDOXDWLRQ#RI
VSHFLILF#PRUELGLW\#HQGSRLQWV#DUH#JLYHQ#LQ#7DEOH#+061
7KH#WDEOH#VXPPDUL]HV#WKH#VRXUFHV#DQG#GHULYDWLRQ#RI
WKH#HFRQRPLF#YDOXHV#XVHG#LQ#WKH#DQDO\VLV1#

Valuation of Welfare Effects

(FRQRPLF#YDOXDWLRQV#IRU#ZHOIDUH#HIIHFWV#TXDQWLILHG
LQ#WKH#DQDO\VLV#+L1H1/#YLVLELOLW\#DQG#ZRUNHU#SURGXFWLYLW\,
DUH#GRFXPHQWHG#LQ#7DEOH#+061 ##:RUNHU#SURGXFWLYLW\/4;

XQOLNH#WKH#DYRLGDQFH#RI#ZRUN#ORVV#GD\V#RU#UHVWULFWHG
DFWLYLW\# GD\V/# UHIOHFWV# SURGXFWLYLW\# EHQHILWV# GXH# WR
LPSURYHPHQWV# LQ# ZRUN# FRQGLWLRQV# +L1H1/# UHGXFHG
DPELHQW#R]RQH,#UDWKHU#WKDQ#KHDOWK#LPSURYHPHQWV#+L1H1/
UHGXFHG# ULVN#RI#KRVSLWDOL]DWLRQ,1# # ,W# LV#PHDVXUHG# LQ
WHUPV#RI#WKH#UHGXFWLRQ#LQ#GDLO\#LQFRPH#RI#WKH#DYHUDJH
ZRUNHU# HQJDJHG# LQ# VWUHQXRXV# RXWGRRU# ODERU# DQG
HVWLPDWHG# DW# '4# SHU# WHQ# SHUFHQW# LQFUHDVH# LQ# R]RQH
FRQFHQWUDWLRQ1#+&URFNHU#DQG#+RUVW/#4<;4,1##:H#GLVFXVV
WKH#GHULYDWLRQ#RI#WKH#YLVLELOLW\#YDOXDWLRQ#IXUWKHU#EHORZ1

Visibility Valuation

6LQFH# WKH# ODWH# 4<:3V/# D# QXPEHU# RI# FRQWLQJHQW
YDOXDWLRQ#+&9,#VWXGLHV#RI#YLVLELOLW\#FKDQJHV#KDYH#EHHQ
SXEOLVKHG#LQ#WKH#HFRQRPLFV#OLWHUDWXUH1##7KHVH#VWXGLHV
RIWHQ#FODVVLI\#YLVLELOLW\#EHQHILWV#DV#HLWKHU#UHVLGHQWLDO#RU
UHFUHDWLRQDO1# # &9# VWXGLHV# RI# UHVLGHQWLDO# YLVLELOLW\
JHQHUDOO\# VXUYH\# LQGLYLGXDOV# LQ#XUEDQ# DQG# VXEXUEDQ
VHWWLQJV1# # 7KH# YDOXDWLRQ# LV# DOVR# DSSOLFDEOH# WR
KRXVHKROGV#LQ#UXUDO#DUHDV1##5HVLGHQWLDO#YDOXHV#UHODWH#WR
WKH#LPSDFW#RI#YLVLELOLW\#FKDQJHV#RQ#DQ#LQGLYLGXDO*V#GDLO\
OLIH# +H1J1/# DW# KRPH/# DW#ZRUN/# DQG#ZKLOH# HQJDJHG# LQ
URXWLQH#UHFUHDWLRQDO#DFWLYLWLHV,1##%HQHILWV#RI#UHFUHDWLRQDO
YLVLELOLW\# UHODWH# WR# WKH# LPSDFW# RI# YLVLELOLW\# FKDQJHV
PDQLIHVWHG# DW# SDUNV# DQG# ZLOGHUQHVV# DUHDV# WKDW# DUH
H[SHFWHG# WR# EH# H[SHULHQFHG# E\# LWV# YLVLWRUV1
5HFUHDWLRQDO#YLVLELOLW\#EHQHILWV#PD\/#KRZHYHU/#UHIOHFW
WKH# YDOXH# DQ# LQGLYLGXDO# SODFHV# RQ# YLVLELOLW\
LPSURYHPHQWV# UHJDUGOHVV# RI# ZKHWKHU# RU# QRW# WKH
SHUVRQ#SODQV#WR#YLVLW#WKH#SDUN1 ##4<

7KH#UHSRUWHG#HVWLPDWHV/#H[SUHVVHG#DV#KRXVHKROG
ZLOOLQJQHVV# WR# SD\# +:73,# IRU# D# K\SRWKHVL]HG
LPSURYHPHQW#LQ#YLVLELOLW\/#KDYH#D#ZLGH#UDQJH#RI#YDOXHV1
)RU#H[DPSOHV/#VWXGLHV#RI#YLVLELOLW\#YDOXHV#IURP#ZHVWHUQ
FLWLHV#KDYH#UHSRUWHG#VRPHZKDW#ORZHU#YDOXHV#WKDQ#WKRVH
IURP#HDVWHUQ#FLWLHV1##7KLV#GLIIHUHQFH#UDLVHV#WKH#TXHVWLRQ
RI#KRZ#YLVLELOLW\#EHQHILWV# VKRXOG#EH# HYDOXDWHG#ZLWK
UHVSHFW#WR#ORFDWLRQ#+H1J1/#HDVWHUQ#8161#YHUVXV#ZHVWHUQ
8161,/# FRPPRGLW\# GHILQLWLRQ# +H1J1/# FKDQJHV# LQ
UHFUHDWLRQDO#DUHDV#YHUVXV#UHVLGHQWLDO#DUHDV,/#DQG#XQLWV#RI
PHDVXUHPHQW#+H1J1/#YLVXDO#UDQJH/#OLJKW#H[WLQFWLRQ/##DQG
GHFLYLHZ,1##:KLOH#WKH#GLIIHULQJ#YDOXHV#UHSRUWHG#LQ#WKH
OLWHUDWXUH#PD\#DSSHDU#WR#LPSO\#WKDW#YLVLELOLW\#LV#YDOXHG
GLIIHUHQWO\# LQ# WKH# HDVWHUQ# DQG# ZHVWHUQ# 8161/# RWKHU
HYLGHQFH#VXJJHVWV#WKDW#HDVWHUQ#DQG#ZHVWHUQ#YLVLELOLW\
DUH#QRW# IXQGDPHQWDOO\#GLIIHUHQW# FRPPRGLWLHV1# #)RU
H[DPSOH/# 1$3$3# GDWD# LQGLFDWHV# WKDW# &DOLIRUQLD*V
6RXWK# &RDVW# $LU# %DVLQ/# ZKLFK# HQFRPSDVVHV# /RV
$QJHOHV#DQG#H[WHQGV#QRUWKZDUG#WR#WKH#YLFLQLW\#RI#6DQ
)UDQFLVFR/# KDV# PHGLDQ# EDVHOLQH# YLVLELOLW\# PRUH
FKDUDFWHULVWLF#RI#WKH#HDVWHUQ#8161#WKDQ#RI#RWKHU#DUHDV#RI
WKH#ZHVW# +1$3$3# 4<<4># ,(F# 4<<5/# 4<<6D,1# #7KHVH

# ,Q# YDOXLQJ# ZHOIDUH# HIIHFWV/# WKH# UHWURVSHFWLYH# DQDO\VLV4;

LQFOXGHG#WKH#EHQHILWV#RI#UHGXFHG#KRXVHKROG#VRLOLQJ1##7KLV#YDOXDWLRQ
ZDV#EDVHG#RQ#4<:5#GDWD#WKDW#SURMHFWHG#H[SHQGLWXUH#SDWWHUQV#IURP
4<:5# WR# 4<;8# +0DQXHO# HW# DO1/# 4<;5,1# # :KLOH# WKLV# VWXG\# ZDV
DSSURSULDWH#IRU#WKH#WZHQW\#\HDU#WLPH#SHULRG#RI#WKH#UHWURVSHFWLYH
+4<:3#WR#4<<3,/#LW#LV#RI#TXHVWLRQDEOH#DSSOLFDELOLW\#IRU#WKH#FXUUHQW
VWXG\1# # 6LQFH# WKH# RULJLQDO# VWXG\/# WKHUH# KDYH# EHHQ# DOWHUQDWLYH
HVWLPDWHV#RI#EHQHILWV#GXH# WR# UHGXFHG# VRLOLQJ1# #7KHVH# HVWLPDWHV/
KRZHYHU/# FRQWLQXH# WR# EH# EDVHG# RQ# WKH# RULJLQDO# VWXG\# DQG# LWV
XQGHUO\LQJ#GDWD#+H1J1/#'HVYRXVJHV#HW#DO1/#4<<;,1##&RQVHTXHQWO\/#WKHVH
YDOXDWLRQ#FRHIILFLHQWV#GR#QRW#UHIOHFW#PRUH#UHFHQW#LQIRUPDWLRQ#RQ#DLU
SROOXWLRQ# FRPSRVLWLRQ# DQG# SRWHQWLDOO\# VLJQLILFDQW# FKDQJHV# LQ
SDWWHUQV#RI##KRXVHKROG#H[SHQGLWXUH#DQG#DOORFDWLRQ1##3URJUHVV#LQ#WKH
YDOXDWLRQ# RI# WKLV# FDWHJRU\·V# EHQHILWV# LV# IXUWKHU# OLPLWHG# E\# WKH
FKDOOHQJHV#RI#GHYHORSLQJ#GRVH0UHVSRQVH#IXQFWLRQV#WKDW#DFFXUDWHO\
DVVHVV#WKH#OHYHO#DQG#UDWH#RI#PDWHULDOV#GDPDJH#DQG#VRLOLQJ1##5HFHQW
OLWHUDWXUH#GRHV# VXJJHVW# WKHUH# LV#SURJUHVV# LQ# UHILQLQJ#DSSURDFKHV/
DOWKRXJK# LW# KDV# QRW# TXLWH# DGYDQFHG# WR# WKH# OHYHO# QHFHVVDU\# IRU
FUHGLEOH#TXDQWLILFDWLRQ#RU#PRQHWL]DWLRQ#RI#EHQHILWV#DVVRFLDWHG#ZLWK 7KLV#W\SH#RI#YDOXDWLRQ#LV#W\SLFDOO\#ODEHOHG#%H[LVWHQFH#YDOXH1%
UHGXFHG#PDWHULDOV#GDPDJH#DQG#VRLOLQJ1# )RU#PRUH#GLVFXVVLRQ#VHH#&KHVWQXW#DQG#5RZH/#4<<31

4<
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UHVXOWV#VXJJHVW#WKDW#WKH#YDOXDWLRQ#RI#PDUJLQDO#YLVLELOLW\ FKDQJH#LQ#YLVXDO#UDQJH/#D#PHDVXUH#WKDW#LV#FORVHO\#UHODWHG
FKDQJHV# LV# GHSHQGHQW# RQ# EDVHOLQH# FRQGLWLRQV# DQG WR/#WKRXJK#QRW#H[DFWO\#DQDORJRXV#WR/#WKH#'HFL#9LHZ
SUR[LPLW\# WR# WKH# FRPPRGLW\# EHLQJ# YDOXHG# +H1J1/ LQGH[#XVHG#LQ#&KDSWHU#71##
LPSURYHG#YLVLELOLW\#LQ#D#UHJLRQ#ZLWK#DQ#DEXQGDQFH#RI
1DWLRQDO# 3DUNV# VXFK# DV# WKH# 3DFLILF# 1RUWKZHVW,1 :H#GHYHORS#HVWLPDWHV#RI#WKH#YLVLELOLW\#FRHIILFLHQWV
5HWXUQLQJ#WR#WKH#1$3$3#H[DPSOH/#WKH#VLPLODULW\# LQ IRU# UHVLGHQWLDO# DQG# UHFUHDWLRQDO# YLVLELOLW\# IURP# WZR
YDOXHV#PD\# UHIOHFW# WKH# VLPLODULWLHV#EHWZHHQ#EDVHOLQH VWXGLHV1 # #:H#XVH#ILJXUHV#UHSRUWHG# LQ#&KHVWQXW#DQG
YLVLELOLW\# LQ# HDVWHUQ# DQG#ZHVWHUQ# FRDVWDO# ]RQHV# +L1H1/ 'HQQLV#+4<<:,#IRU#WKH#YDOXDWLRQ#RI#UHVLGHQWLDO#YLVLELOLW\1
FRDVWDO# DUHDV# W\SLFDOO\# KDYH# KLJKHU# KXPLGLW\/# ZKLOH 7KLV#VWXG\##SXEOLVKHV#HVWLPDWHV#RI#YLVLELOLW\#EHQHILWV
DUHDV#RI# WKH#ZHVW# WHQG# WR#KDYH# ORZHU#KXPLGLW\#DQG IRU#WKH#(DVWHUQ#816#WKDW#DUH#EDVHG#RQ#RULJLQDO#UHVHDUFK
KHQFH#D#JUHDWHU#EDVHOLQH#YLVLELOLW\,1 FRQGXFWHG#LQ#WZR#(DVWHUQ#FLWLHV#+$WODQWD#DQG#&KLFDJR,
## E\#0F&OHOODQG# HW# DO1# +4<<3,1# #:H# XVH# D# FHQWUDO# %

)RU# WKH# SXUSRVHV# RI# WKLV# UHSRUW/# ZH# LQWHUSUHW FRHIILFLHQW#IRU#UHVLGHQWLDO#YLVLELOLW\#RI#'474/#DV#UHSRUWHG
UHFUHDWLRQDO# VHWWLQJV# DSSOLFDEOH# IRU# WKLV# FDWHJRU\# RI LQ#&KHVWQXW#DQG#'HQQLV#+4<<:,1##)RU#WKH#YDOXDWLRQ#RI
HIIHFWV# WR# LQFOXGH# 1DWLRQDO# 3DUNV# WKURXJKRXW# WKH UHFUHDWLRQDO# YLVLELOLW\# EHQHILWV/# ZH# XVH# D# VWXG\# E\
QDWLRQ1# # 2WKHU# UHFUHDWLRQDO# VHWWLQJV# PD\# DOVR# EH &KHVWQXW#DQG#5RZH#+4<<3,1##7KLV#VWXG\#UHSRUWV#:73
DSSOLFDEOH/#IRU#H[DPSOH#1DWLRQDO#)RUHVWV/#VWDWH#SDUNV/ HVWLPDWHV# RI# UHFUHDWLRQDO# YLVLELOLW\# LQ# WKUHH# SDUN
RU# HYHQ# KLNLQJ# WUDLOV# RU# URDGVLGH# DUHDV#ZLWK# VFHQLF UHJLRQV/#WKH#:HVWHUQ/#6RXWKZHVWHUQ/#DQG#(DVWHUQ#8161
YLVWDV1# # ,Q# WKRVH# FDVHV/# D# ODFN#RI# VXLWDEOH# HFRQRPLF )RU#UHFUHDWLRQDO#YLVLELOLW\/#WKH#FRHIILFLHQWV#YDU\#EDVHG
YDOXDWLRQ#OLWHUDWXUH#WR#LGHQWLI\#WKHVH#RWKHU#DUHDV#DQG2RU RQ# WKH# VWXG\# UHJLRQ# DQG#ZKHWKHU# WKH#KRXVHKROG# LV
D#ODFN#RI#YLVLWDWLRQ#GDWD#SUHYHQWV#XV#IURP#JHQHUDWLQJ ZLWKLQ# RU# RXWVLGH# RI# WKH#1DWLRQDO# 3DUN# UHJLRQ# RI
HVWLPDWHV#IRU#WKRVH#UHFUHDWLRQDO#YLVWD#DUHDV1##0RUHRYHU/ FRQFHUQ1# # %,Q0UHJLRQ%# FRHIILFLHQWV# DUH# KLJKHU# WKDQ
ZH#GHYHORS##HVWLPDWHV#RI#UHFUHDWLRQDO#YLVLELOLW\#FKDQJHV WKRVH# IRU# %RXW0RI0UHJLRQ%# KRXVHKROGV1# # 7KH# %LQ0
WKDW#DFFRXQW#IRU#WKH#WHQGHQF\#RI#LQGLYLGXDOV#WR#YDOXH UHJLRQ%#HVWLPDWHV#IRU#&DOLIRUQLD/#WKH#6RXWKZHVW/#DQG
YLVLELOLW\#FKDQJHV#EDVHG#RQ#SUR[LPLW\#WR#WKH#1DWLRQDO 6RXWKHDVW#DUH#'438/#'46:/#DQG#'98/#UHVSHFWLYHO\>#WKH
3DUN1# FRUUHVSRQGLQJ# %RXW0RI0UHJLRQ%# HVWLPDWHV# DUH# ':6/

:H#HVWLPDWH#YLVLELOLW\#EHQHILWV#EDVHG#RQ#D#GHULYHG
YLVLELOLW\#YDOXDWLRQ#IXQFWLRQ1##,Q#ERWK#FDVHV/#UHVLGHQWLDO 2XU#YDOXDWLRQ#RI#YLVLELOLW\#FKDQJHV#LV#ODUJHO\#EDVHG
DQG#UHFUHDWLRQDO#YLVLELOLW\/#WKH#YDOXDWLRQ#IXQFWLRQ#WDNHV RQ# XQSXEOLVKHG/# EXW# SHHU0UHYLHZHG# ZRUN1# # )RU
WKH#IROORZLQJ#IRUP= H[DPSOH/#ZH#XVH#WKH#VHFRQGDU\#DQDO\VLV#RI#&KHVWQXW

++:73# #%#-#OQ+9542955, EHQHILWV1##7KLV#DUWLFOH#LV#SXEOLVKHG#LQ#WKH#-RXUQDO#RI#$LU

ZKHUH=# XQSXEOLVKHG# UHVXOWV# UHSRUWHG# E\#0F&OHOODQG# HW# DO1
++:73# #DQQXDO#:73#SHU#KRXVHKROG#IRU +4<<3,1# # 7KH# VRXUFH# RI# RXU# UHFUHDWLRQDO# YLVLELOLW\
YLVLELOLW\#FKDQJHV# HVWLPDWHV/# &KHVWQXW# DQG# 5RZH# +4<<3,/# LV# DOVR
954#  # WKH# VWDUWLQJ# DQQXDO# DYHUDJH# YLVXDO XQSXEOLVKHG1##%RWK#VWXGLHV#ZHUH#RULJLQDOO\#GHYHORSHG
UDQJH DV#SDUW#RI#WKH#1DWLRQDO#$FLG#3UHFLSLWDWLRQ#$VVHVVPHQW
955# #WKH#DQQXDO#DYHUDJH#YLVXDO#UDQJH#DIWHU 3URJUDP#+1$3$3,#DQG/#WKHUHIRUH/#KDYH#EHHQ#VXEMHFW
WKH#FKDQJH#LQ#DLU#TXDOLW\ WR#SHHU0UHYLHZ#DV#SDUW#RI# WKDW#SURJUDP1# #0RUHRYHU/
%# #WKH#HVWLPDWHG#YLVLELOLW\#FRHIILFLHQW1 WKHVH# WZR# VWXGLHV# DUH# IUHTXHQWO\# FLWHG# DQG

7KH# IRUP#RI# WKLV#YDOXDWLRQ# IXQFWLRQ# LV#GHVLJQHG# WR
UHIOHFW#WKH#ZD\#LQGLYLGXDOV#SHUFHLYH#DQG#H[SUHVV#YDOXH
IRU#FKDQJHV#LQ#YLVLELOLW\1##,Q#RWKHU#ZRUGV/#WKH#H[SUHVVHG
:73#IRU#YLVLELOLW\#FKDQJHV#YDULHV#ZLWK#WKH#SHUFHQWDJH

53

'443/#DQG#'73/#UHVSHFWLYHO\1#

DQG# 'HQQLV# +4<<:,# WR# YDOXH# UHVLGHQWLDO# YLVLELOLW\

DQG#:DVWH#0DQDJHPHQW#$VVRFLDWLRQ/# EXW# UHOLHV# RQ# WKH

7KH#XQLW#RI#PHDVXUH#IRU#WKH#YLVLELOLW\#FRHIILFLHQWV#LV#GROODUV153

+RZHYHU/#WKHVH#FRHIILFLHQWV#DUH#VFDOHG#E\#WKH#VPDOO# LQFUHPHQWDO
FKDQJHV#LQ#YLVLELOLW\#WR#JHQHUDWH#RXU#:73#HVWLPDWHV1
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UHFRPPHQGHG# IRU# XVH# LQ# SXEOLVKHG# DQDO\VHV# RI
YLVLELOLW\#YDOXDWLRQ154

&RQFHUQV# DERXW# WKH# PHWKRG# XVHG# LQ# WKH
0F&OHOODQG#HW#DO1#VWXG\/#KRZHYHU/#VXJJHVW#WKHLU#UHVXOWV
PD\# QRW# LQFRUSRUDWH# WZR# SRWHQWLDOO\# LPSRUWDQW
DGMXVWPHQWV1##)LUVW/#WKHLU#VWXG\#GRHV#QRW#DFFRXQW#IRU
WKH# %ZDUP#JORZ%#HIIHFW/# LQ#ZKLFK# UHVSRQGHQWV#PD\
SURYLGH# KLJKHU#ZLOOLQJQHVV# WR# SD\# HVWLPDWHV# VLPSO\
EHFDXVH# WKH\# IDYRU# %JRRG# FDXVHV%# VXFK# DV
HQYLURQPHQWDO#LPSURYHPHQW1##6HFRQG/#ZKLOH#WKH#VWXG\
DFFRXQWV#IRU#QRQ0UHVSRQVH#ELDV/#LW#PD\#QRW#HPSOR\#WKH
EHVW# DYDLODEOH#PHWKRGV1# #7KH# HIIHFW# RI# ERWK# WKHVH
IDFWRUV#LV#WR#VXJJHVW#DQ#RYHUHVWLPDWH#RI#:731##$V#D
UHVXOW/#ZH#H[FOXGH#UHVLGHQWLDO#YLVLELOLW\##HVWLPDWHV#IURP
WKH#RYHUDOO#SULPDU\#EHQHILWV#HVWLPDWH1

)RU#H[DPSOH#VHH#'HVYRXVJHV#HW#DO1#+4<<;,1#54
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Table H-3
Unit Values Used for Economic Valuation of Health and Welfare Endpoints

Health or Welfare
Endpoint

Estimated Value Per Incidence (1990$)

Derivation of EstimatesCentral Estimate Uncertainty Distribution

Mortality $4.8 million per     Weibull distribution, Central Estimate:  Value is the mean of value-of-statistical-life estimates
statistical life mean = $4.8 million from 26 studies (5 contingent valuation and 21 labor market studies).

--------------------- --------------------------------- Central Estimate: Value is the mean of the distribution of the value of a
$293,000 per Weibull distribution, statistical life-year, derived from the distribution of the value of a
statistical life-year mean = $293,000 statistical life (see below). 

std. dev. = 3,240,000 

std. dev. = 198,000

Uncertainty:  Best-fit distribution to the 26 sample means.  The Weibull
distribution prevents selection of negative WTP values.
-------------------------------------------------------------------------------------

Uncertainty: Assuming the discount rate is five percent, and assuming
an expected 35 years remaining to the average worker in the wage-risk
studies (see above), the value of a statistical life-year is just a constant,
0.061, multiplied by the value of a statistical life.  The distribution of the
value of a life-year is derived from the distribution of the value of a
statistical life.  Because the VSL is expressed as a Weibull distribution,
as indicated above, the value of a statistical life-year is also expressed
as a Weibull distribution, with mean equal to 0.061 multiplied by the
mean of the original Weibull distribution (0.061 x $4.8 million =
$293,000) and standard deviation equal to 0.061 multiplied by the
standard deviation of the original distribution (0.061 x $3.24 =
$198,000).
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Health or Welfare
Endpoint

Estimated Value Per Incidence (1990$)

Derivation of EstimatesCentral Estimate Uncertainty Distribution

Chronic Bronchitis (CB) $260,000 A Monte Carlo-generated Central Estimate: Value is the mean of a Monte Carlo distribution of
distribution, based on three WTP to avoid a case of pollution-related CB.  WTP to avoid a case of
underlying distributions, as pollution-related CB is derived by adjusting WTP (as described in
described more fully under Viscusi et al., 1991) to avoid a severe case of CB for the difference in
“Derivation of Estimates” severity and taking into account the elasticity of WTP with respect to
and in the text. severity of CB.  The mean of the resulting distribution is $260,000.  

Uncertainty:  The distribution of WTP to avoid a case of pollution-related
CB was generated by Monte Carlo methods, drawing from each of three
distributions: (1) WTP to avoid a severe case of CB is assigned a 1/9
probability of being each of the first nine deciles of the distribution of
WTP responses in Viscusi et al., 1991; (2) the severity of a pollution-
related case of CB (relative to the case described in the Viscusi study)
is assumed to have a triangular distribution, centered at severity level
6.5 with endpoints at 1.0 and 12.0 (see text for further explanation); and
(3) the constant in the elasticity of WTP with respect to severity is
normally distributed with mean = 0.18 and standard deviation = 0.0669
(from Krupnick and Cropper, 1992).  See text for further explanation.

Chronic Asthma $25,000 Triangular distribution, Central Estimate:  Based on results reported in two studies
centered at $25,000 on the (Blumenschein and Johannesson, 1998 and O'Conor and Blumquist,
interval [$19,000, $30,000] 1997).  Assumes a 5% discount rate and reflects adjustments for age

distribution among adults (ages 27 and older) and projected life years
remaining.  

Uncertainty:  Reflects the range in central estimate values reported in
the two studies. 



Health or Welfare
Endpoint

Estimated Value Per Incidence (1990$)

Derivation of EstimatesCentral Estimate Uncertainty Distribution
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Hospital Admissions

   1.  All Respiratory variable— See Derivation of Estimates Central Estimate:  Central estimate is the result of the analysis.  The

- ICD codes: 460-519 analysis for each.  The COI estimates are based on ICD-9 code level information
function of the analysis uses 12 distinct C-R functions.  A COI estimate is constructed

(e.g., average hospital care costs, average length of hospital stay, and
weighted share of total respiratory illnesses) reported in Elixhauser
(1993). 

Uncertainty:  Probability distribution is a result of the analysis and
reflects: (1) uncertainty range of C-R function outcome; and (2) variation
in study-specific COI estimates.  

   2.  All Cardiovascular variable— See Derivation of Estimates Central Estimate:  Central estimate is the result of the analysis.  The
- ICD codes: 390-429 function of the analysis uses five distinct C-R functions.  A COI estimate is constructed

analysis for each.  The COI estimates are based on ICD-9 code level information
(e.g., average hospital care costs, average length of hospital stay, and
weighted share of total respiratory illnesses) reported in Elixhauser
(1993). 

Uncertainty:  Probability distribution is a result of the analysis and
reflects: (1) uncertainty range of C-R function outcome; and (2) variation
in study-specific COI estimates.  

   3. Emergency room visits for $194 Triangular distribution, Central Estimate:  COI estimate based on data reported by Smith et al.
asthma centered at $194 on the (1997).  

interval [$144, $269]
Uncertainty:  Based on reported 95% confidence intervals for annual
estimates of  the number and costs of ER visits.



Health or Welfare
Endpoint

Estimated Value Per Incidence (1990$)

Derivation of EstimatesCentral Estimate Uncertainty Distribution
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Respiratory Ailments Not Requiring Hospitalization

   1. Upper Resp. Symptoms $19 Continuous uniform Central Estimate:  Combinations of the 3 symptoms for which WTP
       (URS) distribution over the interval estimates are available that closely match those listed by Pope et al.

(defined as one or more URS.  A dollar value was derived for each type of URS, using IEc mid-
of the range estimates of WTP to avoid each symptom in the cluster and
following: assuming additivity of WTPs.  The dollar value for URS is the average
runny or of the dollar values for the 7 different types of URS.
stuffy nose,
wet cough, Uncertainty:  Assumed to be a continuous uniform distribution across
burning, the range of values described by the 7 URS types.
aching, or
red eyes)

[$7, $33] result in 7 different “symptom clusters,” each describing a “type” of

   2. Lower Resp. Symptoms $12 Continuous uniform Central Estimate:  Combinations of the 4 symptoms for which WTP
       (LRS) distribution over the interval estimates are available that closely match those listed by Schwartz  et

(defined in the study as LRS.  A $ value was derived for each type of LRS, using IEc mid-range
two or more of the estimates of WTP to avoid each symptom in the cluster and assuming
following: cough, chest additivity of WTPs.  The $ value for LRS is the average of the $ values
pain, phlegm, and for the 11 different types of LRS.
wheeze.)

[$5, $19] al. result in 11 different “symptom clusters,” each describing a “type” of

Uncertainty:  Taken to be a continuous uniform distribution across the
range of values described by the 11 LRS types.

   3.  Acute Bronchitis $45 Continuous uniform Central Estimate:  Average of low and high values recommended by
distribution over the interval IEC for use in section 812 analysis (Neumann et al., 1994).
[$13, $77]

Uncertainty:  Continuous distribution between low and high values
(Neumann et al., 1994) assigns equal likelihood of occurrence of any
value within the range.



Health or Welfare
Endpoint

Estimated Value Per Incidence (1990$)

Derivation of EstimatesCentral Estimate Uncertainty Distribution
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   4.  Acute Respiratory $18 1.  URS, probability = 40% Central Estimate:  Assuming that respiratory illness and symptoms can
Symptoms and Illnesses      LRS, probability = 40% be characterized as some combination of URS and LRS, namely: URS

- Presence of any of 19 with 20% probability.  The $ value for these endpoints is the weighted
acute respiratory 2.  If URS, use URS $ dist. average (using the weights 0.40, 0.40, and 0.20) of the $ values derived
symptoms      If LRS, use LRS $ dist. for URS, LRS, and URS + LRS.

- Any Resp. Symptom select one value each from Uncertainty:  Based on variability assumed for central estimate, and

- Respiratory Illness distributions; sum the two

     URS+LRS, prob. = 20% with 40% probability, LRS with 40% probability, and both URS and LRS

     If URS+LRS, randomly

URS and LRS $ URS and LRS uncertainty distributions presented previously.

   5. Asthma Attack $32 Continuous uniform Central Estimate:  Mean of average WTP estimates for the four severity
distribution over the interval definitions of a “bad asthma day.” Source: Rowe and Chestnut (1986), a
[$12, $54] study which surveyed asthmatics to estimate WTP for avoidance of a

"bad asthma day,” as defined by the subjects.

Uncertainty:  Based on the range of values estimated for each of the
four severity definitions.

   6.  Moderate or worse $32 Continuous uniform Central Estimate: Reflects the mean WTP to avoid a "bad asthma day"
asthma distribution over the interval as reported by Rowe and Chestnut (1986). 

[12, 54]
Uncertainty:  Taken to be a continuous uniform distribution across the
range of values obtained from the study.

   7.  Shortness of breath, $5.30 Continuous uniform Central Estimate: From Ostro et al., 1995.  This is the mean of the
chest tightness or distribution over the interval median estimates from two studies of WTP to avoid a day of shortness
wheeze [$0, $10.60] of breath: Dickie et al., 1991 ($0.00), and Loehman et al., 1979

($10.60). 

Uncertainty:  Taken to be a continuous uniform distribution across the
range of values obtained from the two studies.



Health or Welfare
Endpoint
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Restricted Activity and Work Loss Days

   1.  WLDs $83 none available Central Estimate:  Median weekly wage for 1990 divided by 5 (U.S.
Department of Commerce, 1992)

Uncertainty:  Insufficient information to derive an uncertainty estimate.

   2.  MRADs $38 Triangular distribution Central Estimate:  Median WTP estimate to avoid 1 MRRAD -- minor
centered at $38 on the respiratory restricted activity day -- from Tolley et al. (1986)
interval [$16, $61] (recommended by IEc as the mid-range estimate).

Uncertainty:  Range is based on assumption that value should exceed
WTP for a single mild symptom (the highest estimate for a single
symptom--for eye irritation--is $16.00) and be less than that for a WLD. 
The triangular distribution acknowledges that the actual value is likely to
be closer to the point estimate than either extreme.

Welfare Effects

   1.  Visibility Valuation function:  Central Estimate:  Estimated WTP for valuation of visibility changes

Residential Visibility HHWTP= B * ln(VR1/VR2) change in visual range.  Visibility coefficients applied in the primary
"in-region" analysis vary by category of visibility change and region.  
"out-of-region" where: Recreational visibility valuation is based on Chestnut and Rowe (1990). 

B = estimated visibility coefficient $65, for California, the Southwest, and the Southeast, respectively.  For
HHWTP = annual WTP per household For "in region" recreational visibility, the coefficients are $105, $137,

VR1 = starting annual average visual range "out-of-region" recreational visibility, the coefficients are $73, $110, $40,
VR2 = the annual average visual range after the for California, the Southwest, and the Southeast, respectively.  

change in air quality

depend upon two factors:  (i) visibility coefficient, B, and (ii) incremental

   2.  Worker Productivity Change in daily none available Central Estimate:  Based on elasticity of income with respect to O3
wages: $1 per concentration derived from study of California citrus workers (Crocker
worker per 10% and Horst, 1981 and U.S. EPA, 1994).  Elasticity applied to the average
change in O  daily income for workers engaged in strenuous outdoor labor, $73 (U.S.3

1990 Census).  

Note:  All WTP estimates converted to 1990 dollars using the Consumer Price Index (CPI); COI estimates converted using the CPI-Medical.
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Results of Valuation of Health
and Welfare Effects

:H# HVWLPDWH# WRWDO# KXPDQ# KHDOWK# DQG# ZHOIDUH
EHQHILWV# E\# FRPELQLQJ# WKH# HFRQRPLF# YDOXDWLRQV
GHVFULEHG#LQ#WKLV#$SSHQGL[#ZLWK#WKH#KHDOWK#DQG#ZHOIDUH
HIIHFWV#UHVXOWV#SUHVHQWHG#LQ#$SSHQGL[#'#IRU#SURMHFWLRQ
\HDUV#5333#DQG#53431##7KH#YDOXDWLRQ#UHVXOWV#UHIOHFW#WKH
DQQXDO# HVWLPDWHV#RI#EHQHILWV# IRU# WKH# 7;# FRQWLJXRXV
6WDWHV/#RU#́ DOO#8161#SRSXODWLRQ/µ#ZKLFK#SURYLGHV#D#PRUH
DFFXUDWH#GHSLFWLRQ#RI#WKH#WUHQG#RI#HFRQRPLF#EHQHILWV
RYHU# WKH# 530\HDU# VWXG\#SHULRG# # #)RU#RXU#3ULPDU\55

&HQWUDO#HVWLPDWH#ZH#DWWULEXWH#WR#7LWOHV#,#WKURXJK#9#RI
WKH#&$$$#WRWDO#DQQXDO#KXPDQ#KHDOWK#EHQHILWV#RI#'9;
ELOOLRQ#LQ#5333#DQG#'44;#ELOOLRQ#LQ#53431##

$V# QRWHG# LQ# $SSHQGL[# '/# ZH# DOVR# LQFOXGH
DOWHUQDWLYH# HVWLPDWHV# IRU# VRPH# KHDOWK# DQG# ZHOIDUH
LPSDFWV/#ZKLFK#IRUP#WKH#EDVLV#RI#VHYHUDO#DOWHUQDWLYH
EHQHILW# HVWLPDWHV1# # )RU# HDFK# RI# WKH# KHDOWK# HIIHFWV
HVWLPDWHV/# ZH# TXDQWLI\# VWDWLVWLFDO# XQFHUWDLQW\1# # 7KH
UDQJH#RI#HVWLPDWHG#KHDOWK#DQG#ZHOIDUH#HIIHFWV/#DORQJ
ZLWK# WKH# XQFHUWDLQ# HFRQRPLF# XQLW# YDOXDWLRQV/# DUH
FRPELQHG#WR#HVWLPDWH#D#UDQJH#RI#SRVVLEOH#UHVXOWV1##:H
XVH#WKH#0RQWH#&DUOR#PHWKRG#SUHVHQWHG#LQ#&KDSWHU#;
WR# FRPELQH# WKH# KHDOWK# DQG# HFRQRPLF# LQIRUPDWLRQ1
%RWK#WDEOHV#VKRZ#WKH#PHDQ#HVWLPDWH#UHVXOWV/#DV#ZHOO#DV
WKH#PHDVXUHG# FUHGLEOH# UDQJH# +XSSHU# DQG# ORZHU# ILYH
SHUFHQWLOHV#RI# WKH#UHVXOWV#GLVWULEXWLRQ,/#RI#HFRQRPLF
EHQHILWV#IRU#HDFK#RI#WKH#TXDQWLILHG#KHDOWK#DQG#ZHOIDUH
FDWHJRULHV1##:H#VXPPDUL]H#RXU#SULPDU\#HVWLPDWHV#RI
5333#DQG#5343#PRQHWL]HG#EHQHILWV#LQ#7DEOH#+06#DQG

7DEOH# +08/# UHVSHFWLYHO\1# # 7KH# WDEOHV# SURYLGH# RXU
3ULPDU\#&HQWUDO#HVWLPDWH/#LQ#DGGLWLRQ#WR#RXU#3ULPDU\
/RZ#HVWLPDWH/#8WK#SHUFHQWLOH#YDOXHV/#DQG#RXU#3ULPDU\
+LJK# HVWLPDWH/# <8WK# SHUFHQWLOH# HVWLPDWHV/# IRU# HDFK
EHQHILW#FDWHJRU\1##

:H# DOVR# DSSO\# WKH#0RQWH#&DUOR#PHWKRG#ZKHQ
JHQHUDWLQJ#DJJUHJDWH#PRQHWL]HG#EHQHILW#UHVXOWV1##7KH
0RQWH#&DUOR#PHWKRG#XVHG#LQ#WKH#DQDO\VLV#DVVXPHV#WKDW
HDFK#KHDOWK#DQG#ZHOIDUH#HQGSRLQW# LV# LQGHSHQGHQW#RI
WKH#RWKHUV1##:H#DGRSW#WKLV#DSSURDFK#LQ#UHVSRQVH#WR#WKH
YHU\# ORZ#SUREDELOLW\#WKDW#WKH#DJJUHJDWH#EHQHILWV#ZLOO
HTXDO# WKH# VXP#RI# WKH# ILIWK#SHUFHQWLOH#EHQHILWV# IURP
HDFK#RI#WKH#WHQ#HQGSRLQWV1##&RQVHTXHQWO\/#WKH#XSSHU
DQG#ORZHU#ILIWK#SHUFHQWLOHV#RI#WKH#HVWLPDWHG#EHQHILWV
IURP# WKH# LQGLYLGXDO# HQGSRLQWV# GRHV# QRW# HTXDO# WKH
HVWLPDWHG# WRWDOV# IRU# WKH#3ULPDU\#+LJK# DQG#3ULPDU\
/RZ#HVWLPDWHV1#

7KHUH#DUH# WZR#DGGLWLRQDO#DVSHFWV#RI#RXU# UHVXOWV
WKDW#ZDUUDQW#GLVFXVVLRQ1##7KH#ILUVW#LV#WKH#YDOXDWLRQ#RI
SUHPDWXUH#PRUWDOLW\#GXH#WR#30#H[SRVXUH1##7KH#VHFRQG
LV# RXU# VWUDWHJ\# WR# DYRLG# GRXEOH0FRXQWLQJ# ZKHQ
DJJUHJDWLQJ#KHDOWK#EHQHILWV1##$V#GLVFXVVHG#LQ#&KDSWHU
8/# SUHPDWXUH#PRUWDOLW\# LV# HVWLPDWHG# EDVHG# RQ# 30
H[SRVXUH1##2XU#SULPDU\#HVWLPDWHV#UHIOHFW#D#ODJ#EHWZHHQ
30#H[SRVXUH#DQG#WKH#WLPLQJ#RI#SUHPDWXUH#PRUWDOLW\1
:KLOH#WKLV#ODJ#GRHV#QRW#DOWHU#WKH#QXPEHU#RI#HVWLPDWHG
LQFLGHQFHV/#LW#GRHV#DOWHU#WKH#PRQHWL]DWLRQ#RI#EHQHILWV1
%HFDXVH#ZH#YDOXH#WKH#%HYHQW%#UDWKHU#WKDQ#WKH#SUHVHQW
FKDQJH#LQ#ULVN/#WKH#YDOXH#RI#DYRLGHG#IXWXUH#SUHPDWXUH
PRUWDOLW\#VKRXOG#EH#GLVFRXQWHG1##7KHUHIRUH/#WKH#W\SH
RI# ODJ#VWUXFWXUH#HPSOR\HG#SOD\V#D#GLUHFW# UROH# LQ# WKH
YDOXDWLRQ#RI#WKLV#HQGSRLQW1##

7KH# SULPDU\# DQDO\VLV# UHIOHFWV# D# ILYH0\HDU# ODJ
VWUXFWXUH1# #8QGHU# WKLV# VFHQDULR/# 83# SHUFHQW# RI# WKH
HVWLPDWHG#FDVHV#RI#DYRLGHG#PRUWDOLW\#RFFXU#ZLWKLQ#WKH
ILUVW#WZR#\HDUV1# #7KH#UHPDLQLQJ#83#SHUFHQW#DUH#WKHQ
GLVWULEXWHG#DFURVV#WKH#QH[W#WKUHH#\HDUV1##2XU#YDOXDWLRQ
RI#DYRLGHG#SUHPDWXUH#PRUWDOLW\#DSSOLHV#D#ILYH#SHUFHQW
GLVFRXQW#UDWH#WR#WKH#ODJJHG#HVWLPDWHV#RYHU#WKH#SHULRGV
5333#WR#5338#DQG#5343#WR#53481##:H#GLVFRXQW#RYHU#WKH
SHULRG#EHWZHHQ#WKH#LQLWLDO#30#H[SRVXUH#FKDQJH#+HLWKHU
5333#RU#5343,#DQG#WLPLQJ#RI#WKH#SURMHFWHG#LQFLGHQFHV1

,Q#$SSHQGL[#'/#ZH#SUHVHQW#SK\VLFDO#HIIHFW#HVWLPDWHV# IRU55

DIIHFWHG#SRSXODWLRQ#LQ#WKH#FRQWLJXRXV#7;#6WDWHV#DQG#IRU#DIIHFWHG
SRSXODWLRQV#ZLWKLQ#83#NLORPHWHUV#RI#D#PRQLWRU1##:H#SUHVHQW#WKRVH
UHVXOWV#DV#D#VHQVLWLYLW\#WHVW#WKDW#FKDUDFWHUL]HV#WKH#SRVVLEOH#PDJQLWXGH
RI#KXPDQ#KHDOWK#HIIHFWV1##)RU#WKH#SXUSRVH#RI#DVVHVVLQJ#WKH#WRWDO
EHQHILW#RI#WKH#&$$$/#WKH#UHVXOWV#DIIHFWLQJ#SRSXODWLRQV#LQ#7;#VWDWHV
SURYLGH#D#EHWWHU#FKDUDFWHUL]DWLRQ#RI#WKH#WRWDO#GLUHFW#EHQHILWV#WKDQ#GR
WKH#´PRQLWRUHG#DUHD#RQO\µ#UHVXOWV1##7KH#UHVXOWV#RI#RQO\#PRQLWRUHG
DUHDV#GRHV#QRW#DFFRXQW#IRU#WKH#EHQHILWV#RI#DLU#TXDOLW\#LPSURYHPHQWV
DIIHFWLQJ#DSSUR[LPDWHO\#58#SHUFHQW#RI# WKH#SRSXODWLRQ1# #7KH#´DOO
8161#SRSXODWLRQµ#UHVXOWV/#KRZHYHU/#UHO\#RQ#XQFHUWDLQ#H[WUDSRODWLRQV
RI# SROOXWLRQ# FRQFHQWUDWLRQV/# DQG# VXEVHTXHQW# H[SRVXUHV/# IURP
GLVWDQW#PRQLWRULQJ#VLWHV#WR#SURYLGH#FRYHUDJH#IRU#WKH#58#SHUFHQW#RU
VR#RI#WKH#SRSXODWLRQ#OLYLQJ#IDU#IURP#DLU#TXDOLW\#PRQLWRUV1
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0DQ\#RI#WKH#PRQHWL]HG#KHDOWK#EHQHILW#FDWHJRULHV
LQFOXGH# RYHUODSSLQJ# KHDOWK# HQGSRLQWV/# FUHDWLQJ# WKH
SRWHQWLDO#IRU#GRXEOH0FRXQWLQJ1##,Q#DQ#HIIRUW#WR#DYRLG
RYHUVWDWLQJ#WKH#EHQHILWV/#ZH#GR#QRW#DJJUHJDWH#DOO#RI#WKH
TXDQWLILHG# KHDOWK# HIIHFWV1# # )RU# H[DPSOH/# %DVWKPD
DWWDFNV%# DQG# %PRGHUDWH# WR# ZRUVH# DVWKPD%/# DUH# DOO
FRQVLGHUHG#FRPSRQHQWV#RI#WKH#HQGSRLQW/#%$Q\#RI#4<
5HVSLUDWRU\#6\PSWRPV%1# #&RQVHTXHQWO\/#ZH#SUHVHQW
WKH#UHVXOWV#EXW#GR#QRW#LQFOXGH#WKHP#LQ#RXU#UHSRUWHG
WRWDO# EHQHILWV# ILJXUHV1# # ,Q# RWKHU# FDVHV/# WKHUH# DUH
HQGSRLQWV#LQFOXGHG#LQ#RXU#DJJUHJDWLRQ#RI#EHQHILWV#WKDW
DSSHDU#WR#KDYH#RYHUODSSLQJ#KHDOWK#HIIHFWV1##)RU#WKRVH
EHQHILW#FDWHJRULHV#WKDW#GHVFULEH#VLPLODU#KHDOWK#HIIHFWV/
LW# LV# LPSRUWDQW# WR# NHHS# LQ# PLQG# WKDW# HVWLPDWHG
LQFLGHQFHV# DUH# EDVHG# RQ# XQLTXH# SRUWLRQV# RI# WKH
SRSXODWLRQ1#
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Table H-4
Primary Estimates of Health and Welfare Benefits Due  to Criteria Pollutants in 2000

    Monetary Benefits (in millions 1990$)
Benefits Category 5th %ile Mean  95th %ile  

Mortality

Ages 30+ $ 8,600 $ 63,000 $ 150,000  

Chronic Illness

Chronic Bronchitis $ 220 $ 3,600 $ 11,000  

Chronic Asthma 29 140 240  

Hospitalization

All Respiratory  $ 46 $ 78 $ 120  

Total Cardiovascular 53 200 430  

Asthma-Related ER Visits 0.1 0.6 1.8  

Minor Illness

Acute Bronchitis $ 0 $ 1.3 $ 3.3  

URS 2.8 12 26  

LRS 1.4 3.9 7.2  

Respiratory Illness 0.4 2.5 6.1  

Mod/Worse Asthma 1.2 8.5 19  1

Asthma Attacks 13 35 66  1

Chest tightness, Shortness of
 Breath, or Wheeze 0 0.5 2.4  

Shortness of Breath 0 0.3 0.7  

Work Loss Days 180 210 240  

MRAD/Any-of-19  420 760 1,100  

Welfare

Decreased Worker Productivity  $ 460 $ 460 $ 460  

Visibility  
Recreational 1,700 2,000 2,300  

Agriculture 46 450 860  

Total Benefits $ 71,0002

Note: 
 Moderate to worse asthma and asthma attacks are endpoints included in the definition of MRAD/Any of 19 respiratory effects. 1

Although valuation estimates are presented for these categories, the values are not included in total benefits to avoid the potential
for double-counting.  

  Summing 5th and 95th percentile values would yield a misleading estimate of the 5th and 95th percentile estimate of total health2

benefits.  For example, the likelihood that the 5th percentile estimates for each endpoint would simultaneously be drawn from a
Monte Carlo procedure is much less than 5 percent.  As a result, we present only the total mean.   
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Table H-5
Primary Estimates of Health and Welfare Benefits Due  to Criteria Pollutants in 2010

Monetary Benefits (in millions 1990$)
Benefits Category 5th %ile Mean  95th %ile  

Mortality

Ages 30+ $ 14,000 $ 100,000 $ 250,000  

Chronic Illness

Chronic Bronchitis $ 360 $ 5,600 $ 18,000  

Chronic Asthma 40 180 300  

Hospitalization

All Respiratory  $ 76 $ 130 $ 200  

Total Cardiovascular 93 390 960  

Asthma-Related ER Visits 0.1 1 2.8  

Minor Illness

Acute Bronchitis $ 0 $ 2.1 $ 5.2  

URS 4.2 19 39  

LRS 2.2 6.2 12  

Respiratory Illness 0.9 6.3 15  

Mod/Worse Asthma 1.9 13 29  1

Asthma Attacks 20 55 100  1

Chest tightness, Shortness of
 Breath, or Wheeze 0 0.6 3.1  

Shortness of Breath 0 0.5 1.2  

Work Loss Days  300 340 380  

MRAD/Any-of-19  680 1,200 1,800  

Welfare  

Decreased Worker Productivity  $ 710 $ 710 $710  

Visibility  
Recreational 2,500 2,900 3,300  

Agriculture 7.1 550 1,100  

Total Benefits $ 110,0002

Note: 
 Moderate to worse asthma, asthma attacks, and shortness of breath are endpoints included in the definition of MRAD/Any of 191

respiratory effects.  Although valuation estimates are presented for these categories, the values are not included in total
benefits to avoid the potential for double-counting.  

  Summing 5th and 95th percentile values would yield a misleading estimate of the 5th and 95th percentile estimate of total health2

benefits.  For example, the likelihood that the 5th percentile estimates for each endpoint would simultaneously be drawn from a
Monte Carlo procedure is much less than 5 percent.  As a result, we present only the total mean.   
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Analysis of Contribution of Key Parameters to 

Quantified Uncertainty
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Uncertainties in the Valuation
Estimates

7KH# XQFHUWDLQW\# UDQJHV# IRU# WKH# UHVXOWV# RQ# WKH
SUHVHQW# YDOXH# RI# WKH# DJJUHJDWH#PHDVXUHG#PRQHWDU\
EHQHILWV#UHSRUWHG#LQ#7DEOH#+07#DQG#7DEOH#+08#UHIOHFW
WZR#LPSRUWDQW#VRXUFHV#RI#PHDVXUHG#XQFHUWDLQW\=##

� 8QFHUWDLQW\#DERXW#WKH#DYRLGHG#LQFLGHQFH#RI
KHDOWK#DQG#ZHOIDUH#HIIHFWV#GHULYLQJ# IURP
WKH# FRQFHQWUDWLRQ0UHVSRQVH# IXQFWLRQV/
LQFOXGLQJ# ERWK# VHOHFWLRQ# RI# VFLHQWLILF
VWXGLHV#DQG#VWDWLVWLFDO#XQFHUWDLQW\#IURP#WKH
RULJLQDO#VWXGLHV>#

� 8QFHUWDLQW\#DERXW#WKH#HFRQRPLF#YDOXH#RI
HDFK#TXDQWLILHG#KHDOWK#DQG#ZHOIDUH#HIIHFW1

7KHVH#DJJUHJDWH#XQFHUWDLQW\#UHVXOWV#LQFRUSRUDWH#PDQ\
GHFLVLRQV# DERXW# DQDO\WLFDO# SURFHGXUHV# DQG# VSHFLILF
DVVXPSWLRQV# GLVFXVVHG# LQ# WKH# $SSHQGLFHV# WR# WKLV
UHSRUW1

,Q# RUGHU# WR# SURYLGH# D# PRUH# FRPSOHWH
XQGHUVWDQGLQJ# RI# WKH# HFRQRPLF# EHQHILW# UHVXOWV/#ZH
FRQGXFW# VHQVLWLYLW\# DQDO\VHV#ZKLFK# H[DPLQH# VHYHUDO
DGGLWLRQDO#LPSRUWDQW#DVSHFWV#RI#WKH#PDLQ#DQDO\VLV1##:H
EHJLQ#ZLWK#DQ#DQDO\VLV#RI#WKH#VRXUFHV#RI#WKH#PHDVXUHG
DJJUHJDWH# XQFHUWDLQW\/# LGHQWLI\LQJ# ZKLFK# RI# WKH
PHDVXUHG#XQFHUWDLQW\#FRPSRQHQWV#RI# LQFLGHQFH#DQG
YDOXDWLRQ#IRU#LQGLYLGXDO#KHDOWK#HIIHFWV#FDWHJRULHV#GULYH
WKH#RYHUDOO#XQFHUWDLQW\#UHVXOWV1##:H#WKHQ#IROORZ#ZLWK
DQ# H[DPLQDWLRQ# RI# VHYHUDO# LVVXHV# LQYROYLQJ# WKH
HVWLPDWHG#HFRQRPLF#EHQHILWV#RI#PRUWDOLW\1##,Q#WKH#WKLUG
VHFWLRQ/#ZH#SURYLGH#VRPH# LQVLJKW# LQWR# WKH#SRWHQWLDO
HIIHFWV#RI#LQFRPH#JURZWK#RQ#WKH#YDOXDWLRQ#RI#KHDOWK
HIIHFWV1##

Relative Importance of Different
Components of Uncertainty

7KH#HVWLPDWHG#XQFHUWDLQW\#UDQJHV#LQ#RXU#SULPDU\
UHVXOWV# WDEOHV/#7DEOH#+07#DQG#7DEOH#+08/#UHIOHFW#WKH
PHDVXUHG#XQFHUWDLQW\# DVVRFLDWHG#ZLWK#ERWK# DYRLGHG
LQFLGHQFH# DQG# HFRQRPLF# YDOXDWLRQ1# # $# EHWWHU
XQGHUVWDQGLQJ#RI#WKH#UHODWLYH#LQIOXHQFH#RI#LQGLYLGXDO
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YDULDEOHV#RQ#WKH#RYHUDOO#XQFHUWDLQW\#LQ#WKH#DQDO\VLV#FDQ
EH# JDLQHG# E\# LVRODWLQJ# WKH# LQGLYLGXDO# HIIHFWV# RI
LPSRUWDQW#YDULDEOHV#RQ# WKH# UDQJH#RI#HVWLPDWHG# WRWDO
EHQHILWV1##7KLV#FDQ#EH#DFFRPSOLVKHG#E\#KROGLQJ#DOO#WKH
LQSXWV# WR# WKH# 0RQWH# &DUOR# XQFHUWDLQW\# DQDO\VLV
FRQVWDQW#+DW#WKHLU#PHDQ#YDOXHV,/#DQG#DOORZLQJ#RQO\#RQH
YDULDEOH# 00# IRU# H[DPSOH/# WKH# HFRQRPLF# YDOXDWLRQ#RI
PRUWDOLW\#00#WR#YDU\#DFURVV#WKH#UDQJH#RI#WKDW#YDULDEOH·V
TXDQWLILHG#XQFHUWDLQW\1# #7KH#VHQVLWLYLW\#DQDO\VLV#WKHQ
LVRODWHV# KRZ# WKLV# VLQJOH# VRXUFH# RI# YDULDELOLW\
FRQWULEXWHV#WR#WKH#YDULDWLRQ#LQ#WKH#SULPDU\#HVWLPDWHV#RI
WRWDO#EHQHILWV1##7KH#UHVXOWV#DUH#VXPPDUL]HG#LQ#)LJXUH
+071# # 7KH# QLQH# LQGLYLGXDO# XQFHUWDLQW\# IDFWRUV# WKDW
FRQWULEXWH# WKH#PRVW# WR# WKH# RYHUDOO# XQFHUWDLQW\# DUH
VKRZQ# LQ# )LJXUH# +07/# RUGHUHG# E\# WKH# UHODWLYH
VLJQLILFDQFH# RI# WKHLU# FRQWULEXWLRQ# WR# RYHUDOO
XQFHUWDLQW\1# # (DFK# RI# WKH# DGGLWLRQDO# VRXUFHV# RI
TXDQWLILHG# XQFHUWDLQW\# LQ# WKH# RYHUDOO# DQDO\VLV# QRW
VKRZQ#FRQWULEXWH#D#VPDOOHU#DPRXQW#RI#XQFHUWDLQW\#WR
WKH#HVWLPDWHV#RI#PRQHWL]HG#EHQHILWV#WKDQ#WKH#VRXUFHV
WKDW#DUH#VKRZQ1

Economic Benefits Associated with
Reducing Premature Mortality

%HFDXVH# WKH# HFRQRPLF#EHQHILWV# DVVRFLDWHG#ZLWK
SUHPDWXUH# PRUWDOLW\# DUH# WKH# ODUJHVW# VRXUFH# RI
PRQHWL]HG#EHQHILWV# LQ# WKH#DQDO\VLV/#DQG#EHFDXVH# WKH
XQFHUWDLQWLHV# LQ# ERWK# WKH# LQFLGHQFH# DQG# YDOXH# RI
SUHPDWXUH#PRUWDOLW\#DUH#WKH#PRVW#LPSRUWDQW#VRXUFHV#RI
XQFHUWDLQW\# LQ# WKH# RYHUDOO# DQDO\VLV/# LW# LV# XVHIXO# WR
H[DPLQH#WKH#PRUWDOLW\#EHQHILWV#HVWLPDWLRQ# LQ#JUHDWHU
GHWDLO1##:H#EHJLQ#ZLWK#D#GLVFXVVLRQ#RI#WKH#XQFHUWDLQWLHV
DQG#SRVVLEOH#ELDVHV#UHODWHG#WR#WKH#%EHQHILWV#WUDQVIHU%
DSSURDFK#HPSOR\HG#WR#GHYHORS#RXU#96/#HVWLPDWH1##:H
WKHQ#GLVFXVV#DQ#DOWHUQDWLYH#PHWKRG#IRU#WKH#YDOXDWLRQ#RI
UHGXFHG#SUHPDWXUH#PRUWDOLW\/#YDOXH#RI#VWDWLVWLFDO# OLIH
\HDU# +96/<,1# # :H# FRQFOXGH# WKLV# VHFWLRQ# ZLWK# D
VHQVLWLYLW\# WHVW# WKDW# FRPSDUH# WKH# EHQHILW# HVWLPDWHV
XVLQJ#D#96/#DSSURDFK#DQG#D#96/<#DSSURDFK1##*LYHQ
WKH# ODJ# VWUXFWXUH# HPSOR\HG# LQ# HVWLPDWLQJ# UHGXFHG
SUHPDWXUH# PRUWDOLW\/# ZH# DOVR# SURYLGH# DOWHUQDWLYH
FDOFXODWLRQV#IRU#WKH#YDOXDWLRQ#RI#WKLV#EHQHILWV#FDWHJRU\
XVLQJ#WZR#DGGLWLRQDO#GLVFRXQW#UDWHV/#WKUHH#DQG#VHYHQ
SHUFHQW1##

Benefits Tranfer and VSL

7KH#DQDO\WLFDO#SURFHGXUH#XVHG#LQ#WKH#PDLQ#DQDO\VLV
WR# HVWLPDWH# WKH# PRQHWDU\# EHQHILWV# RI# DYRLGHG
SUHPDWXUH# PRUWDOLW\# DVVXPHV# WKDW# WKH# DSSURSULDWH
HFRQRPLF#YDOXH#IRU#HDFK#LQFLGHQFH#LV#D#YDOXH#IURP#WKH
FXUUHQWO\#DFFHSWHG#UDQJH#RI#WKH#YDOXH#RI#D#VWDWLVWLFDO
OLIH1# #$V# GLVFXVVHG# DERYH/# WKH# HVWLPDWHG# YDOXH# SHU
SUHGLFWHG#LQFLGHQFH#RI#H[FHVV#SUHPDWXUH#PRUWDOLW\#LV
PRGHOHG#DV#D#:HLEXOO#GLVWULEXWLRQ/#ZLWK#D#PHDQ#YDOXH
RI# '71;# PLOOLRQ# DQG# D# VWDQGDUG# GHYLDWLRQ# RI# '615
PLOOLRQ1##7KLV#HVWLPDWH#LV#EDVHG#RQ#59#VWXGLHV#RI#WKH
YDOXH#RI#PRUWDO#ULVNV1##

7KHUH# LV#FRQVLGHUDEOH#XQFHUWDLQW\#DV#WR#ZKHWKHU
WKH#59#VWXGLHV#RQ#WKH#YDOXH#RI#D#VWDWLVWLFDO#OLIH#SURYLGH
DGHTXDWH# HVWLPDWHV# RI# WKH# YDOXH# RI# D# VWDWLVWLFDO# OLIH
VDYHG#E\#DLU#SROOXWLRQ#UHGXFWLRQ1# #$OWKRXJK#WKHUH# LV
FRQVLGHUDEOH# YDULDWLRQ# LQ# WKH# DQDO\WLFDO#GHVLJQV# DQG
GDWD#XVHG#LQ#WKH#59#XQGHUO\LQJ#VWXGLHV/#WKH#PDMRULW\#RI
WKH#VWXGLHV#LQYROYH#WKH#YDOXH#RI#ULVNV#WR#D#PLGGOH0DJHG
ZRUNLQJ#SRSXODWLRQ1# #0RVW#RI# WKH# VWXGLHV# H[DPLQH
GLIIHUHQFHV# LQ#ZDJHV# RI# ULVN\# RFFXSDWLRQV/# XVLQJ# D
ZDJH0KHGRQLF# DSSURDFK1# #&HUWDLQ# FKDUDFWHULVWLFV# RI
ERWK# WKH#SRSXODWLRQ#DIIHFWHG#DQG# WKH#PRUWDOLW\# ULVN
IDFLQJ# WKDW# SRSXODWLRQ# DUH# EHOLHYHG# WR# DIIHFW# WKH
DYHUDJH#ZLOOLQJQHVV#WR#SD\#+:73,#WR#UHGXFH#WKH#ULVN1
7KH# DSSURSULDWHQHVV# RI# D# GLVWULEXWLRQ# RI# :73
HVWLPDWHV# IURP# WKH# 59# VWXGLHV# IRU# YDOXLQJ# WKH
PRUWDOLW\0UHODWHG#EHQHILWV#RI#UHGXFWLRQV#LQ#DLU#SROOXWLRQ
FRQFHQWUDWLRQV# WKHUHIRUH# GHSHQGV# QRW# RQO\# RQ# WKH
TXDOLW\#RI#WKH#VWXGLHV#+L1H1/#KRZ#ZHOO#WKH\#PHDVXUH#ZKDW
WKH\#DUH#WU\LQJ#WR#PHDVXUH,/#EXW#DOVR#RQ#+4,#WKH#H[WHQW
WR#ZKLFK#WKH#ULVNV#EHLQJ#YDOXHG#DUH#VLPLODU/#DQG#+5,#WKH
H[WHQW#WR#ZKLFK#WKH#VXEMHFWV#LQ#WKH#VWXGLHV#DUH#VLPLODU
WR# WKH#SRSXODWLRQ# DIIHFWHG#E\# FKDQJHV# LQ#SROOXWLRQ
FRQFHQWUDWLRQV1# # $V# GLVFXVVHG# EHORZ/# WKHUH# DUH
SRVVLEOH#VRXUFHV#RI#ERWK#XSZDUG#DQG#GRZQZDUG#ELDV
LQ# WKH# HVWLPDWHV# SURYLGHG# E\# WKH# 59# VWXGLHV#ZKHQ
DSSOLHG#WR#WKH#SRSXODWLRQ#DQG#ULVN#EHLQJ#FRQVLGHUHG#LQ
WKLV#DQDO\VLV1

$OWKRXJK#WKHUH#PD\#EH#VHYHUDO#ZD\V#LQ#ZKLFK#MRE0
UHODWHG#PRUWDOLW\#ULVNV#GLIIHU#IURP#DLU#SROOXWLRQ0UHODWHG
PRUWDOLW\#ULVNV/#WKH#PRVW#LPSRUWDQW#GLIIHUHQFH#PD\#EH
WKDW#MRE0UHODWHG#ULVNV#DUH#LQFXUUHG#YROXQWDULO\#ZKHUHDV
DLU#SROOXWLRQ0UHODWHG#ULVNV#DUH# LQFXUUHG# LQYROXQWDULO\1
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7KHUH#LV#VRPH#HYLGHQFH#+VHH/#IRU#H[DPSOH/#9LROHWWH#DQG LVRODWH#LQGLYLGXDO#FDVHV#ZKHUH#RQH#FDQ#VD\#ZLWK#HYHQ
&KHVWQXW/#4<;6,#WKDW#SHRSOH#ZLOO#SD\#PRUH#WR#UHGXFH UHDVRQDEOH# FHUWDLQW\# WKDW# D# VSHFLILF# LQGLYLGXDO# GLHG
LQYROXQWDULO\# LQFXUUHG# ULVNV# WKDQ# ULVNV# LQFXUUHG EHFDXVH#RI#DLU#SROOXWLRQ1
YROXQWDULO\1##,I#WKLV#LV#WKH#FDVH/#:73#HVWLPDWHV#EDVHG
RQ# ZDJH0ULVN# VWXGLHV# PD\# EH# GRZQZDUG# ELDVHG 7KHUH#LV#FRQVLGHUDEOH#XQFHUWDLQW\#ZKHWKHU#ROGHU
HVWLPDWHV#RI#:73#WR#UHGXFH#LQYROXQWDULO\#LQFXUUHG#DLU SHRSOH#ZLOO#KDYH#D#JUHDWHU#ZLOOLQJQHVV#WR#SD\#WR#DYRLG
SROOXWLRQ0UHODWHG#PRUWDOLW\#ULVNV1# ULVNV#WKDQ#\RXQJHU#SHRSOH1##7KHUH#LV#UHDVRQ#WR#EHOLHYH

$QRWKHU#SRVVLEOH#GLIIHUHQFH#UHODWHG#WR#WKH#QDWXUH WKDQ# WKH# JHQHUDO# SRSXODWLRQ/# ZKLOH# ZRUNHUV# LQ
RI#WKH#ULVN#PD\#EH#WKDW#VRPH#ZRUNSODFH#PRUWDOLW\#ULVNV ZDJH0ULVN#VWXGLHV#DUH#OLNHO\#WR#EH#OHVV#ULVN#DYHUVH#WKDQ
WHQG# WR# LQYROYH# VXGGHQ/# FDWDVWURSKLF# HYHQWV# +H1J1/ WKH# JHQHUDO# SRSXODWLRQ1# # #0RUH# ULVN# DYHUVH# SHRSOH
ZRUNSODFH# DFFLGHQWV,/# ZKHUHDV# DLU# SROOXWLRQ0UHODWHG ZRXOG#KDYH#D#JUHDWHU#ZLOOLQJQHVV#WR#SD\#WR#DYRLG#ULVN
ULVNV# WHQG# WR# LQYROYH# ORQJHU#SHULRGV#RI#GLVHDVH#DQG WKDQ# OHVV# ULVN# DYHUVH# SHRSOH1# #$OWKRXJK# WKH# OLVW# RI
VXIIHULQJ#SULRU#WR#GHDWK1##6HYHUDO#VWXGLHV#LQGLFDWH#WKDW UHFRPPHQGHG#VWXGLHV#H[FOXGHV#VWXGLHV#WKDW#FRQVLGHU
WKH#YDOXH#SHRSOH#SODFH#RQ#PRUWDOLW\#ULVN#UHGXFWLRQ#PD\ RQO\# PXFK0KLJKHU0WKDQ0DYHUDJH# RFFXSDWLRQDO# ULVNV/
GHSHQG#RQ# WKH#QDWXUH#RI# WKH# ULVN# +H1J1/#)LVKHU#HW#DO1 WKHUH#LV#QHYHUWKHOHVV#OLNHO\#WR#EH#VRPH#VHOHFWLRQ#ELDV#LQ
4<;<>#%HJJV#4<;7,1#6RPH#HYLGHQFH#VXJJHVWV#WKDW#:73 WKH#UHPDLQLQJ#VWXGLHV#00#WKDW#LV/#WKHVH#VWXGLHV#DUH#OLNHO\
WR# DYRLG# D# ULVN# RI# D# SURWUDFWHG# GHDWK# LQYROYLQJ WR# EH# EDVHG# RQ# VDPSOHV# RI# ZRUNHUV# ZKR# DUH/# RQ
SURORQJHG#VXIIHULQJ#DQG#ORVV#RI#GLJQLW\#DQG#SHUVRQDO DYHUDJH/#PRUH#ULVN0ORYLQJ#WKDQ#WKH#JHQHUDO#SRSXODWLRQ1
FRQWURO# LV#JUHDWHU# WKDQ# WKH#:73# WR#DYRLG#D#ULVN# +RI ,Q#FRQWUDVW/#ROGHU#SHRSOH#DV#D#JURXS#H[KLELW#PRUH#ULVN
LGHQWLFDO# PDJQLWXGH,# RI# VXGGHQ# GHDWK1# # 6RPH DYHUVH#EHKDYLRU1
ZRUNSODFH#ULVNV/#VXFK#DV#ULVNV#IURP#H[SRVXUH#WR#WR[LF
FKHPLFDOV/#PD\#EH#PRUH#VLPLODU# WR#SROOXWLRQ0UHODWHG 7KH# GLUHFWLRQ# RI# ELDV# UHVXOWLQJ# IURP# WKH# DJH
ULVNV1##,W#LV#QRW#FOHDU/#KRZHYHU/#ZKDW#SURSRUWLRQ#RI#WKH GLIIHUHQFH# LV# XQFOHDU/# SDUWLFXODUO\# EHFDXVH# DJH# LV
ZRUNSODFH#ULVNV#LQ#WKH#ZDJH0ULVN#VWXGLHV#ZHUH#UHODWHG#WR FRQIRXQGHG#E\#ULVN#DYHUVLRQ#+UHODWLYH#WR#WKH#JHQHUDO
ZRUNSODFH#DFFLGHQWV#DQG#ZKDW#SURSRUWLRQ#ZHUH#ULVNV SRSXODWLRQ,1##,W#FRXOG#EH#DUJXHG#WKDW/#EHFDXVH#DQ#ROGHU
IURP#H[SRVXUH#WR#WR[LF#FKHPLFDOV1##7R#WKH#H[WHQW#WKDW SHUVRQ#KDV#IHZHU#H[SHFWHG#\HDUV#OHIW#WR#ORVH/#KLV#:73
WKH#PRUWDOLW\# ULVNV#DGGUHVVHG# LQ# WKLV#DVVHVVPHQW#DUH WR#UHGXFH#PRUWDOLW\#ULVN#ZRXOG#EH#OHVV#WKDQ#WKDW#RI#D
DVVRFLDWHG#ZLWK# ORQJHU#SHULRGV#RI# LOOQHVV#RU# JUHDWHU \RXQJHU#SHUVRQ1##7KLV#K\SRWKHVLV#LV#VXSSRUWHG#E\#RQH
SDLQ#DQG#VXIIHULQJ#WKDQ#DUH#WKH#ULVNV#DGGUHVVHG#LQ#WKH HPSLULFDO#VWXG\/#-RQHV0/HH#HW#DO1#+4<;8,/#WKDW#IRXQG#WKH
YDOXDWLRQ#OLWHUDWXUH/#WKH#:73#PHDVXUHPHQWV#HPSOR\HG YDOXH# RI# D# VWDWLVWLFDO# OLIH# DW# DJH# 98# WR# EH# DERXW# <3
LQ#WKH#SUHVHQW#DQDO\VLV#ZRXOG#UHIOHFW#D#GRZQZDUG#ELDV1 SHUFHQW#RI#ZKDW# LW# LV#DW#DJH#731##&LWLQJ#WKH#HYLGHQFH

,I# WKH# LQGLYLGXDOV#ZKR#GLH#SUHPDWXUHO\#IURP#DLU UHODWHG#KHDOWK#EHQHILWV#VWXG\#FRQGXFWHG#IRU#(3$#+8161
SROOXWLRQ#DUH#FRQVLVWHQWO\#ROGHU#WKDQ#WKH#SRSXODWLRQ#LQ (3$/#4<<8,#DVVXPHV#WKDW#WKH#YDOXH#RI#D#VWDWLVWLFDO#OLIH
WKH#YDOXDWLRQ#VWXGLHV/#WKH#PRUWDOLW\#YDOXDWLRQV#EDVHG#RQ IRU#WKRVH#98#DQG#RYHU#LV#:8#SHUFHQW#RI#ZKDW#LW#LV#IRU
PLGGOH0DJHG#SHRSOH#PD\#SURYLGH#D#ELDVHG#HVWLPDWH#RI WKRVH#XQGHU#981##,Q#DGGLWLRQ/#LW#PLJKW#EH#DUJXHG#WKDW
WKH#ZLOOLQJQHVV#WR#SD\#RI#ROGHU#LQGLYLGXDOV#WR#UHGXFH EHFDXVH#WKH#HOGHUO\#KDYH#JUHDWHU#DYHUDJH#ZHDOWK#WKDQ
PRUWDO#ULVN1##7KHUH#LV#VRPH#HYLGHQFH#WR#VXJJHVW#WKDW WKRVH# \RXQJHU/# WKH# DIIHFWHG# SRSXODWLRQ# LV# DOVR
WKH# SHRSOH#ZKR# GLH# SUHPDWXUHO\# IURP# H[SRVXUH# WR ZHDOWKLHU/#RQ#DYHUDJH/#WKDQ#ZDJH0ULVN#VWXG\#VXEMHFWV/
DPELHQW#SDUWLFXODWH#PDWWHU#WHQG#WR#EH#ROGHU#WKDQ#WKH ZKR# WHQG# WR#EH#EOXH#FROODU#ZRUNHUV1# #,W# LV#SRVVLEOH/
SRSXODWLRQV# LQ#WKH#YDOXDWLRQ#VWXGLHV1# #,Q#WKH#JHQHUDO KRZHYHU/#WKDW#DPRQJ#WKH#HOGHUO\#LW#LV#ODUJHO\#WKH#SRRU
8161# SRSXODWLRQ# IDU# PRUH# ROGHU# SHRSOH# GLH# WKDQ HOGHUO\#ZKR#DUH#PRVW#YXOQHUDEOH#WR#SROOXWLRQ0UHODWHG
\RXQJHU#SHRSOH>#;;#SHUFHQW#RI#WKH#GHDWKV#DUH#DPRQJ PRUWDOLW\#ULVN#+H1J1/#EHFDXVH#RI#JHQHUDOO\#SRRUHU#KHDOWK
SHRSOH#RYHU#97#\HDUV#ROG1##,W#LV#GLIILFXOW#WR#HVWDEOLVK#WKH FDUH,1##,I#WKLV#LV#WKH#FDVH/#WKH#DYHUDJH#ZHDOWK#RI#WKRVH
SURSRUWLRQ# RI# WKH# SROOXWLRQ0UHODWHG# GHDWKV# WKDW# DUH DIIHFWHG#E\#D#SROOXWLRQ#UHGXFWLRQ#UHODWLYH# WR# WKDW#RI
DPRQJ#WKH#ROGHU#SRSXODWLRQ#EHFDXVH#LW#LV#LPSRVVLEOH#WR VXEMHFWV#LQ#ZDJH0ULVN#VWXGLHV#LV#XQFHUWDLQ1##,Q#DGGLWLRQ/

WKDW# WKRVH#RYHU#98#DUH/# LQ#JHQHUDO/#PRUH#ULVN#DYHUVH

SURYLGHG#E\#-RQHV0/HH#HW#DO1#+4<;8,/#D#UHFHQW#VXOIDWH0
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WKH# ZRUNHUV# LQ# WKH# ZDJH0ULVN# VWXGLHV# ZLOO# KDYH MXVWLILFDWLRQ#IRU#WU\LQJ#WR#DGMXVW#WKH#SRLQW#HVWLPDWH#RI
SRWHQWLDOO\#PRUH#\HDUV#UHPDLQLQJ#LQ#ZKLFK#WR#DFTXLUH '71;#PLOOLRQ#GRZQZDUG1##(YHQ#LQ#WKLV#FDVH/#KRZHYHU/
VWUHDPV#RI#LQFRPH#IURP#IXWXUH#HDUQLQJV1 WKH#GHJUHH#RI#WKH#DGMXVWPHQW#ZRXOG#EH#XQFOHDU1##7KHUH

7KHUH# LV# VXEVWDQWLDO# HYLGHQFH# WKDW# WKH# LQFRPH ELDVHV# LQ#ERWK#GLUHFWLRQV1# #%HFDXVH# LQ#HDFK#FDVH#WKH
HODVWLFLW\#RI#:73#IRU#KHDOWK#ULVN#UHGXFWLRQV#LV#SRVLWLYH H[WHQW#RI#WKH#ELDV#LV#XQNQRZQ/#WKH#RYHUDOO#GLUHFWLRQ#RI
+VHH/#IRU#H[DPSOH/#$OEHULQL#HW#DO1/#4<<7>#0LWFKHOO#DQG ELDV# LQ# WKH#PRUWDOLW\# YDOXHV# LV# VLPLODUO\# XQNQRZQ1
&DUVRQ/# 4<;9># /RHKPDQ# DQG# 9R# +X# 'H/# 4<;5> $GMXVWLQJ# WKH# HVWLPDWH# XSZDUG# RU# GRZQZDUG# WR
*HUNLQJ# HW# DO1/# 4<;;># DQG# -RQHV0/HH# HW# DO1/# 4<;8,/ FRPSHQVDWH#IRU#DQ\#RQH#VRXUFH#RI#ELDV#FRXOG#WKHUHIRUH
DOWKRXJK#WKHUH#LV#XQFHUWDLQW\#DERXW#WKH#H[DFW#YDOXH#RI LQFUHDVH#WKH#GHJUHH#RI#ELDV1##7KHUHIRUH/#WKH#UDQJH#RI
WKLV# HODVWLFLW\1# # ,QGLYLGXDOV#ZLWK#KLJKHU# LQFRPHV# +RU YDOXHV# IURP# WKH# 59# VWXGLHV# LV# XVHG# LQ# WKH# SULPDU\
JUHDWHU# ZHDOWK,# VKRXOG# EH# ZLOOLQJ# WR# SD\# PRUH# WR DQDO\VLV#ZLWKRXW#DGMXVWPHQW1
UHGXFH#ULVN/#DOO#HOVH#HTXDO/#WKDQ#LQGLYLGXDOV#ZLWK#ORZHU
LQFRPHV# RU# ZHDOWK1# # 7KLV# GRHV# QRW# LPSO\# WKDW
LQGLYLGXDOV#ZLWK#KLJKHU# # # LQFRPHV#DUH#ZLOOLQJ#WR#SD\
SURSRUWLRQDOO\#KLJKHU# YDOXHV1# #:KLOH#PDQ\# DQDO\VHV
DVVXPH#LQFRPH#HODVWLFLW\#RI#ZLOOLQJQHVV#WR#SD\#LV#XQLW
HODVWLF#+L1H1/#WHQ#SHUFHQW#KLJKHU#LQFRPH#OHYHO#LPSOLHV#D
WHQ#SHUFHQW#KLJKHU#ZLOOLQJQHVV#WR#SD\#WR#UHGXFH#ULVN
FKDQJHV,/# HPSLULFDO# HYLGHQFH# VXJJHVWV# WKDW# LQFRPH
HODVWLFLW\#LV#VXEVWDQWLDOO\#OHVV#WKDQ#RQH1##

7KH#HIIHFWV#RI#LQFRPH#FKDQJHV#RQ#:73#HVWLPDWHV
FDQ#LQIOXHQFH#EHQHILW#HVWLPDWHV#LQ#WZR#GLIIHUHQW#ZD\V=
+L,# DV# ORQJLWXGLQDO# FKDQJHV# WKDW# UHIOHFW# HVWLPDWHV#RI
LQFRPH#FKDQJH#LQ#WKH#DIIHFWHG#SRSXODWLRQ#RYHU#WLPH/
DQG#+LL,#DV#FURVV0VHFWLRQDO#FKDQJHV#EDVHG#RQ#GLIIHUHQFHV
LQ#LQFRPH#EHWZHHQ#VWXG\#SRSXODWLRQV#DQG#WKH#DWWUDFWHG
SRSXODWLRQV1# # (PSLULFDO# HYLGHQFH# RI# WKH# HIIHFW# RI
LQFRPH#RQ#:73#JDWKHUHG#WR#GDWH#LV#EDVHG#RQ#VWXGLHV
H[DPLQLQJ# FURVV0VHFWLRQDO# GDWD1# # ,QFRPH# HODVWLFLW\
DGMXVWPHQWV#WR#EHWWHU#DFFRXQW#IRU#FKDQJHV#RYHU#WLPH/
WKHUHIRUH/# ZLOO# QHFHVVDULO\# EH# EDVHG# RQ# SRWHQWLDOO\
LQDSSURSULDWH#GDWD1 ##56

7KH# QHHG# WR# DGMXVW# ZDJH0ULVN0EDVHG# :73
HVWLPDWHV#GRZQZDUG#EHFDXVH#RI#WKH#OLNHO\#XSZDUG#ELDV
LQWURGXFHG# E\# WKH# DJH# GLVFUHSDQF\# KDV# UHFHLYHG
VLJQLILFDQW#DWWHQWLRQ#+VHH#&KHVWQXW/#4<<8>#,(F/#4<<5,1
,I#WKH#DJH#GLIIHUHQFH#ZHUH#WKH#RQO\#GLIIHUHQFH#EHWZHHQ
WKH#SRSXODWLRQ#DIIHFWHG#E\#SROOXWLRQ#FKDQJHV#DQG#WKH
VXEMHFWV#LQ#WKH#ZDJH0ULVN#VWXGLHV/#WKHUH#PLJKW#EH#VRPH

LV# JRRG# UHDVRQ# WR# VXVSHFW/#KRZHYHU/# WKDW# WKHUH# DUH

VSLY

$Q# DOWHUQDWLYH# YDOXDWLRQ# RI# DYRLGHG# SUHPDWXUH
PRUWDOLW\#LV#WR#XVH#WKH#96/<1##7KLV#DSSURDFK#XVHV#OLIH0
\HDUV# ORVW# DV# WKH# XQLW# RI# PHDVXUH/# UDWKHU# WKDQ
HVWLPDWLQJ# D# VLQJOH# YDOXH# RI# D# VWDWLVWLFDO# OLIH# ORVW
+DSSOLFDEOH#WR#DOO#DJHV,1##:LWK#VWDWLVWLFDO#OLIH0\HDUV#ORVW
DV#WKH#XQLW#RI#PHDVXUH/#WKH#YDOXDWLRQ#GHSHQGV#RQ#+4,
KRZ#PDQ\# \HDUV# RI# H[SHFWHG# OLIH# DUH# ORVW/# +5,# WKH
LQGLYLGXDO·V#GLVFRXQW#UDWH/#DQG#+6,#ZKHWKHU#WKH#YDOXH#RI
DQ# XQGLVFRXQWHG# VWDWLVWLFDO# OLIH0\HDU# LV# WKH# VDPH#QR
PDWWHU#ZKLFK# OLIH0\HDU# LW# LV# +H1J1/# WKH# XQGLVFRXQWHG
YDOXH#RI#WKH#VHYHQW\0ILIWK#\HDU#RI#OLIH#LV#WKH#VDPH#DV#WKH
XQGLVFRXQWHG#YDOXH#RI#WKH#IRUWLHWK#\HDU#RI#OLIH,1##

:H# HVWLPDWH# WKH# YDOXH# RI# D# VWDWLVWLFDO# OLIH0\HDU
DVVXPLQJ#WKDW#WKH#YDOXH#RI#D#VWDWLVWLFDO#OLIH#LV#GLUHFWO\
UHODWHG# WR# UHPDLQLQJ# OLIH#H[SHFWDQF\#DQG#D#FRQVWDQW
YDOXH#IRU#HDFK#OLIH0\HDU1#6XFK#DQ#DSSURDFK#UHVXOWV#LQ
VPDOOHU#YDOXHV#RI#D#VWDWLVWLFDO#OLIH#IRU#ROGHU#SHRSOH/#ZKR
KDYH#VKRUWHU# OLIH#H[SHFWDQFLHV/#DQG# ODUJHU#YDOXHV#IRU
\RXQJHU# SHRSOH1# # )RU# H[DPSOH/# LI# WKH# '71;#PLOOLRQ
PHDQ#YDOXH#RI#DYRLGLQJ#GHDWK# IRU#SHRSOH#ZLWK#D#68
\HDU#OLIH#H[SHFWDQF\#LV#DVVXPHG#WR#EH#WKH#GLVFRXQWHG
SUHVHQW#YDOXH#RI#68#HTXDO0YDOXHG#VWDWLVWLFDO#OLIH0\HDUV/
WKH# LPSOLHG# YDOXH# RI# HDFK# VWDWLVWLFDO# OLIH0\HDU# LV
'5<6/3331##7KLV#YDOXHV#DVVXPHV#D#ILYH#SHUFHQW#GLVFRXQW
UDWH#DQG#WKDW#WKH#XQGLVFRXQWHG#YDOXH#RI#D#OLIH0\HDU#LV
WKH#VDPH#QR#PDWWHU#ZKHQ#LW#RFFXUV#LQ#DQ#LQGLYLGXDO·V
OLIH1##

7R# REWDLQ# HVWLPDWHV# RI# WKH# QXPEHU# RI# DLU
SROOXWLRQ0UHODWHG# GHDWKV# LQ# HDFK# DJH# FRKRUW/# LW# LV
SUHIHUDEOH#WR#KDYH#DJH0VSHFLILF#UHODWLYH#ULVNV1##0DQ\#RI

)RU#PRUH# LQIRUPDWLRQ#RQ#WKH#SRWHQWLDO# LPSDFW#RI# LQFRPH56

HODVWLFLW\#RQ# WKH#YDOXDWLRQ#RI#KHDOWK#EHQHILWV/# VHH# WKH# IROORZLQJ
VHFWLRQ/# %6HQVLWLYLW\#7HVW# IRU# ,PSDFW#RI# ,QFRPH#&KDQJHV#2YHU
7LPH1%
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WKH#HSLGHPLRORJLFDO#VWXGLHV/#KRZHYHU/#GR#QRW#SURYLGH UHODWLYH#ULVN/#WKH#ULVNV#IRU#SHRSOH#IURP#98#WR#:7#DUH#;6
DQ\#HVWLPDWH#RI#VXFK#DJH0VSHFLILF#ULVNV1##,Q#WKLV#FDVH/ SHUFHQW#RI# WKH#SRSXODWLRQ0ZLGH# ULVN/#DQG#SHRSOH# :8
WKH#DJH0VSHFLILF#UHODWLYH#ULVNV#PXVW#EH#DVVXPHG#WR#EH DQG#ROGHU#KDYH#D#UHODWLYH#ULVN#88#SHUFHQW#JUHDWHU#WKDQ
LGHQWLFDO1# # 6RPH# HSLGHPLRORJ\# VWXGLHV# RQ# 30# GR WKH#SRSXODWLRQ#DYHUDJH1##'HWDLOV#RI#WKLV#DSSURDFK#DUH
SURYLGH# VRPH# HVWLPDWHV#RI# UHODWLYH# ULVNV# VSHFLILF# WR SURYLGHG#LQ#3RVW#DQG#'HFN#+4<<9,1
FHUWDLQ#DJH#FDWHJRULHV1##7KH#OLPLWHG#LQIRUPDWLRQ#WKDW#LV
DYDLODEOH# VXJJHVWV# WKDW# UHODWLYH# ULVNV# RI# PRUWDOLW\
DVVRFLDWHG#ZLWK#H[SRVXUH#WR#30#DUH#JUHDWHU#IRU#ROGHU
SHRSOH1# #0RVW# RI# WKH# DYDLODEOH# LQIRUPDWLRQ# FRPHV
IURP# VKRUW0WHUP# H[SRVXUH# VWXGLHV1# # 7KHUH# LV
FRQVLGHUDEOH#XQFHUWDLQW\#LQ#DSSO\LQJ#WKH#HYLGHQFH#IURP
VKRUW0WHUP#H[SRVXUH#VWXGLHV#WR#UHVXOWV#IURP#ORQJ0WHUP
+FKURQLF# H[SRVXUH,# VWXGLHV1# # +RZHYHU/# XVLQJ# WKH
DYDLODEOH#LQIRUPDWLRQ#RQ#WKH#UHODWLYH#PDJQLWXGHV#RI#WKH
UHODWLYH# ULVNV/# LW# LV# SRVVLEOH# WR# IRUP# D# SUHOLPLQDU\
DVVHVVPHQW# RI# WKH# UHODWLYH# ULVNV# E\# GLIIHUHQW# DJH
FODVVHV1##

7KH#DQDO\VLV#SUHVHQWHG#EHORZ#XVHV#WZR#DOWHUQDWLYH PRUWDOLW\#IRU#HDFK#FRKRUW#DFURVV#D#ILYH0\HDU#SHULRG#+58
DVVXPSWLRQV# DERXW# DJH0VSHFLILF# ULVNV=# +4,# WKHUH# LV# D SHUFHQW#LQ#HDFK#RI#WKH#ILUVW#WZR#\HDUV/#491:#SHUFHQW#LQ
FRQVWDQW# UHODWLYH# ULVN# +REWDLQHG# GLUHFWO\# IURP# WKH HDFK#RI#WKH#UHPDLQLQJ#\HDUV,#DQG#DGMXVWV#WKH#ORVV#RI
KHDOWK#OLWHUDWXUH,#WKDW#LV#DSSOLFDEOH#WR#DOO#DJH#FRKRUWV/ OLIH#H[SHFWDQF\#DFFRUGLQJO\1# #7KDW# LV/#ZKHQ#DSSO\LQJ
DQG# +5,# WKH#UHODWLYH#ULVNV#GLIIHU#E\#DJH/#DV#HVWLPDWHG WKH#ODJ#DVVXPSWLRQ#ZLWKLQ#D#JLYHQ#FRKRUW/#LQGLYLGXDOV
IURP#WKH#DYDLODEOH#OLWHUDWXUH1##(VWLPDWHV#RI#DJH0VSHFLILF ZKR#GLH#ODWHU#DUH#H[SHFWHG#WR#ORVH#IHZHU#OLIH#\HDUV#WKDQ
30043# FRHIILFLHQWV# +DQG/# IURP# WKHVH/# DJH0VSHFLILF WKRVH#ZKR#GLH#HDUOLHU1##)XUWKHU/#WKLV#DQDO\VLV#DSSOLHV#D
UHODWLYH#ULVNV,#ZHUH#GHULYHG#IURP#WKH#IHZ#DJH0VSHFLILF ILYH#SHUFHQW#GLVFRXQW#UDWH#ZKHQ#FDOFXODWLQJ#WKH#SUHVHQW
30043# RU# 763# FRHIILFLHQWV# UHSRUWHG# LQ# WKH GLVFRXQWHG# YDOXH# RI# WKH# DYRLGHG# ORVVHV# RI# OLIH
HSLGHPLRORJLFDO# OLWHUDWXUH1# # 7KHVH# HVWLPDWHV# LQ# WKH H[SHFWDQF\# LQ# HDFK# FRKRUW# RYHU# WKH# ILYH0\HDU# ODJ
OLWHUDWXUH#ZHUH#XVHG#WR#HVWLPDWH#WKH#UDWLR#RI#HDFK#DJH0 SHULRG1
VSHFLILF#FRHIILFLHQW# WR#D#FRHIILFLHQW# IRU# %DOO#DJHV%# LQ
VXFK#D#ZD\# WKDW#FRQVLVWHQF\#DPRQJ# WKH#DJH0VSHFLILF
FRHIILFLHQWV#LV#SUHVHUYHG#00#WKDW#LV/#WKDW#WKH#VXP#RI#WKH
KHDOWK# HIIHFWV# LQFLGHQFHV# LQ# WKH# VHSDUDWH/# QRQ0
RYHUODSSLQJ# DJH#FDWHJRULHV#HTXDOV# WKH#KHDOWK#HIIHFWV
LQFLGHQFH# IRU# %DOO# DJHV1%# # 7KHVH# UDWLRV# ZHUH# WKHQ
DSSOLHG# WR# WKH# FRHIILFLHQW# IURP#3RSH# HW# DO1# +4<<8,1
'HWDLOV# RI# WKLV# DSSURDFK# DUH# SURYLGHG# LQ#3RVW# DQG
'HFN# +4<<9,1# #%HFDXVH#3RSH# HW# DO1# FRQVLGHUHG#RQO\
LQGLYLGXDOV#DJH#63#DQG#ROGHU#+LQVWHDG#RI#DOO#DJHV,/#WKH
UHVXOWLQJ#DJH0VSHFLILF#30#FRHIILFLHQWV#PD\#EH#VOLJKWO\
GLIIHUHQW#IURP#ZKDW#WKH\#ZRXOG#KDYH#EHHQ#LI#WKH#UDWLRV
KDG#EHHQ# DSSOLHG# WR# DQ# %DOO# DJHV%# FRHIILFLHQW1# #7KH
GLIIHUHQFHV/#KRZHYHU/#DUH#OLNHO\#WR#EH#PLQLPDO#DQG#ZHOO
ZLWKLQ# WKH#HUURU#ERXQGV#RI# WKLV#H[HUFLVH1# #7KH#DJH0
VSHFLILF# UHODWLYH# ULVNV# XVHG# LQ# WKH# H[DPSOH# EHORZ
DVVXPH#WKDW#WKH#UHODWLYH#ULVNV#IRU#SHRSOH#XQGHU#98#DUH
RQO\# 49# SHUFHQW# RI# WKH# SRSXODWLRQ0ZLGH# DYHUDJH

7KH# OLIH0\HDUV# ORVW# DSSURDFK# DOVR# UHTXLUHV# DQ
HVWLPDWH#RI#WKH#QXPEHU#RI#OLIH0\HDUV#ORVW#E\#D#SHUVRQ
G\LQJ#SUHPDWXUHO\#DW#HDFK#JLYHQ#DJH1##7KH#DSSURDFK
GHYHORSHG#IRU#WKLV#DQDO\VLV#DVVXPHV#WKDW#H[SRVXUH#WR
HOHYDWHG# OHYHOV# RI# 30# LQFUHDVHV# WKH# SUREDELOLW\# RI
G\LQJ#DW#D#VSHFLILF#DJH1##,QFUHDVLQJ#WKH#SUREDELOLW\#RI
G\LQJ#DW#HDFK#DJH#ORZHUV#WKH#OLIH#H[SHFWDQF\#IRU#HDFK
DJH#FRKRUW1##7KH#DYHUDJH#QXPEHU#RI#OLIH0\HDUV#ORVW#ZLOO
GHSHQG#RQ#WKH#GLVWULEXWLRQ#RI#DJHV#LQ#WKH#SRSXODWLRQ
LQ#D#ORFDWLRQ1##,Q#DGGLWLRQ/#WKLV#DQDO\VLV#LQFRUSRUDWHV
WKH#ILYH0\HDU#30#PRUWDOLW\#ODJ#VWUXFWXUH#GHVFULEHG#LQ
&KDSWHU# 8# DQG# $SSHQGL[# '1# # ,W# GLVWULEXWHV# WKH

7KH# OLIH0\HDUV# ORVW#DSSURDFK#XVHG#KHUH#DVVXPHV
WKDW#SHRSOH#ZKR#GLH#IURP#DLU#SROOXWLRQ#DUH#W\SLFDO#RI
SHRSOH#LQ#WKHLU#DJH#JURXS1##7KH#HVWLPDWHG#YDOXH#RI#WKH
TXDQWLW\#RI#OLIH#ORVW#DVVXPHV#WKDW#WKH#SHRSOH#ZKR#GLH
IURP# H[SRVXUH# WR# DLU#SROOXWLRQ#KDG# DQ# DYHUDJH# OLIH
H[SHFWDQF\1##+RZHYHU/#LW#LV#SRVVLEOH#WKDW#WKH#SHRSOH
ZKR#GLH#IURP#DLU#SROOXWLRQ#DUH#DOUHDG\#LQ#LOO#KHDOWK/#DQG
WKDW#WKHLU#OLIH#H[SHFWDQF\#LV#OHVV#WKDQ#D#W\SLFDO#SHUVRQ
RI#WKHLU#DJH1##,I#WKLV#LV#WUXH/#WKHQ#WKH#QXPEHU#RI#OLIH
\HDUV#ORVW#SHU#300UHODWHG#GHDWK#ZRXOG#EH#ORZHU#WKDQ
FDOFXODWHG# KHUH/# DQG# WKH# HFRQRPLF# YDOXH#ZRXOG# EH
VPDOOHU1##

7KH#H[WHQW#WR#ZKLFK#DGYHUVH#HIIHFWV#RI#SDUWLFXODWH
PDWWHU#H[SRVXUH#DUH#GLIIHUHQWLDOO\#LPSRVHG#RQ#SHRSOH
RI# DGYDQFHG# DJH# DQG2RU#SRRU#KHDOWK# LV#RQH#RI# WKH
PRVW#LPSRUWDQW#FXUUHQW#XQFHUWDLQWLHV#LQ#DLU#SROOXWLRQ0
UHODWHG#KHDOWK#VWXGLHV1##7KHUH#LV#OLPLWHG#LQIRUPDWLRQ/
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SULPDULO\#IURP#WKH#VKRUW0WHUP#H[SRVXUH#VWXGLHV/#ZKLFK /RQJ0WHUP#VWXGLHV#SURYLGH#HYLGHQFH#WKDW#D#SRUWLRQ
VXJJHVWV#WKDW#DW#OHDVW#VRPH#RI#WKH#HVWLPDWHG#SUHPDWXUH RI#WKH#ORVV#RI#OLIH#DVVRFLDWHG#ZLWK#ORQJ0WHUP#H[SRVXUH
PRUWDOLW\# LV# LPSRVHG# GLVSURSRUWLRQDWHO\# RQ# SHRSOH LV# LQGHSHQGHQW# RI# WKH# GHDWK# IURP# VKRUW0WHUP
ZKR#DUH#HOGHUO\#DQG2RU#RI#SRRU#KHDOWK1##5RZODWW/#HW#DO1 H[SRVXUHV/#DQG#WKDW#WKH#ORVV#RI#OLIH0\HDUV#PHDVXUHG#LQ
+4<<;,# LQGLFDWH#WKDW#DW#ULVN# LQGLYLGXDOV# LQFOXGH#WKRVH WKH#ORQJ0WHUP#VWXGLHV#FRXOG#EH#RQ#WKH#RUGHU#RI#\HDUV1
ZKR# KDYH# VXIIHUHG# VWURNHV# RU# DUH# VXIIHULQJ# IURP ,I#PXFK#RI#WKH#SUHPDWXUH#PRUWDOLW\#DVVRFLDWHG#ZLWK
FDUGLRYDVFXODU# GLVHDVH# DQG# DQJLQD1# 7KH# &ULWHULD 30# UHSUHVHQWV# VKRUW# WHUP# SUHPDWXULW\# RI# GHDWK
'RFXPHQW#IRU#3DUWLFXODWH#0DWWHU#+8161#(3$/#4<<9,/ LPSRVHG# RQ# SHRSOH# ZKR# DUH# HOGHUO\# DQG2RU# RI# LOO
KRZHYHU/#LGHQWLILHV#RQO\#WZR#VWXGLHV#ZKLFK#DWWHPSW#WR KHDOWK/# WKH# HVWLPDWHV# RI# WKH#PRQHWDU\# EHQHILWV# RI
HYDOXDWH#WKH#GLVSURSRUWLRQDOLW\#LQ#SUHPDWXUH#PRUWDOLW\ DYRLGHG#PRUWDOLW\#PD\# RYHUHVWLPDWH# VRFLHW\·V# WRWDO
DPRQJ#SHRSOH#ZKR#DUH#HOGHUO\#DQG2RU#VLFNO\1##6SL[#HW ZLOOLQJQHVV#WR#SD\#WR#DYRLG#SDUWLFXODWH#PDWWHU0UHODWHG
DO1# +4<<7,# VXJJHVWV# WKDW#D# VPDOO#SRUWLRQ#RI# WKH#300 SUHPDWXUH# PRUWDOLW\1# 2Q# WKH# RWKHU# KDQG/# LI# WKH
DVVRFLDWHG#PRUWDOLW\#RFFXUV#LQ#LQGLYLGXDOV#ZKR#ZRXOG SUHPDWXUH#PRUWDOLW\#PHDVXUHG#LQ#WKH#FKURQLF#H[SRVXUH
KDYH#GLHG#LQ#D#VKRUW#WLPH#DQ\ZD\1##&LIXHQWHV#DQG#/DYH VWXGLHV#LV#GHWHFWLQJ#H[FHVV#SUHPDWXUH#GHDWKV#ZKLFK#DUH
+4<<9,#IRXQG#WKDW#6:#WR#;:#SHUFHQW#RI#WKH#GHDWKV#IURP ODUJHO\#LQGHSHQGHQW#RI#WKH#GHDWKV#SUHGLFWHG#IURP#WKH
VKRUW0WHUP#H[SRVXUH#FRXOG#KDYH#EHHQ#SUHPDWXUH#E\ VKRUW#WHUP#VWXGLHV/#DQG#WKH#GLVSURSRUWLRQDWH#HIIHFW#RQ
RQO\# D# IHZ# GD\V/# DOWKRXJK# WKHLU# HYLGHQFH# LV WKH# HOGHUO\# DQG2RU# VLFN# LV# PRGHVW/# WKH# EHQHILWV
LQFRQFOXVLYH1 PHDVXUHG# LQ#WKLV#UHSRUW#FRXOG#EH#XQGHUHVWLPDWHV#RI

3UHPDWXULW\#RI#GHDWK#RQ#WKH#RUGHU#RI#RQO\#D#IHZ
GD\V#LV#OLNHO\#WR#RFFXU#ODUJHO\#DPRQJ#LQGLYLGXDOV#ZLWK
SUH0H[LVWLQJ# LOOQHVVHV1# # 6XFK# LQGLYLGXDOV# PLJKW# EH
SDUWLFXODUO\# VXVFHSWLEOH# WR# D#KLJK#30# GD\1# #7R# WKH
H[WHQW#WKDW#WKH#SUH0H[LVWLQJ#LOOQHVV#LV#LWVHOI#FDXVHG#E\#RU
H[DFHUEDWHG#E\#FKURQLF#H[SRVXUH#WR#HOHYDWHG#OHYHOV#RI
30/#KRZHYHU/# LW#ZRXOG#EH#PLVOHDGLQJ# WR#GHILQH# WKH
SUHPDWXULW\# RI# GHDWK# DV# RQO\# D# IHZ# GD\V1# # ,Q# WKH
DEVHQFH#RI#FKURQLF#H[SRVXUH#WR#HOHYDWHG#OHYHOV#RI#30/
WKH#LOOQHVV#ZRXOG#HLWKHU#QRW#H[LVW#+LI#LW#ZDV#FDXVHG#E\
WKH#FKURQLF#H[SRVXUH#WR#HOHYDWHG#30,#RU#PLJKW#EH#DW
D# OHVV#DGYDQFHG#VWDJH#RI#GHYHORSPHQW# +LI# LW#ZDV#QRW
FDXVHG#E\#EXW#ZDV#H[DFHUEDWHG#E\#HOHYDWHG#30#OHYHOV,1
7KH#SUHPDWXULW\#RI#GHDWK#VKRXOG#EH#FDOFXODWHG#DV#WKH
GLIIHUHQFH#EHWZHHQ#ZKHQ# WKH# LQGLYLGXDO#GLHG# LQ# WKH
´HOHYDWHG#30µ#VFHQDULR#DQG#ZKHQ#KH#ZRXOG#KDYH#GLHG
LQ#WKH#´ORZ#30µ#VFHQDULR1##,I#WKH#SUH0H[LVWLQJ#LOOQHVV
ZDV# HQWLUHO\#XQFRQQHFWHG#ZLWK#FKURQLF#H[SRVXUH# WR
30# LQ# WKH# ´HOHYDWHG# 30µ# VFHQDULR/# DQG# LI# WKH
LQGLYLGXDO#ZKR#GLHV#SUHPDWXUHO\#EHFDXVH#RI#D#SHDN#30
GD\#ZRXOG#KDYH#OLYHG#RQO\#D#IHZ#PRUH#GD\V/#WKHQ#WKH
SUHPDWXULW\#RI#WKDW#300UHODWHG#GHDWK#LV#RQO\#WKRVH#IHZ
GD\V1##,I/#KRZHYHU/#LQ#WKH#DEVHQFH#RI#FKURQLF#H[SRVXUH
WR#HOHYDWHG#OHYHOV#RI#30/#WKH#LQGLYLGXDO·V#LOOQHVV#ZRXOG
KDYH#SURJUHVVHG#PRUH#VORZO\/#VR#WKDW/#LQ#WKH#DEVHQFH
RI#D#SDUWLFXODU#SHDN#30#GD\#WKH#LQGLYLGXDO#ZRXOG#KDYH
OLYHG#VHYHUDO#\HDUV#ORQJHU/#WKH#SUHPDWXULW\#RI#WKDW#300
UHODWHG#GHDWK#ZRXOG#EH#WKRVH#VHYHUDO#\HDUV1

WKH# WRWDO# YDOXH1# $W# WKLV# WLPH# WKHUH# LV# LQVXIILFLHQW
LQIRUPDWLRQ# IURP# ERWK# WKH#PHGLFDO# DQG# HFRQRPLF
VFLHQFHV#WR#VDWLVIDFWRULO\#UHVROYH#WKHVH#LVVXHV#IURP#D
WKHRUHWLFDO2DQDO\WLFDO# VWDQGSRLQW1# 8QWLO# WKHUH# LV
HYLGHQFH#IURP#WKH#SK\VLFDO#DQG#VRFLDO#VFLHQFHV#ZKLFK
LV#VXIILFLHQWO\#FRPSHOOLQJ#WR#HQFRXUDJH#EURDG#VXSSRUW
RI# DJH0VSHFLILF# YDOXHV# IRU# UHGXFLQJ# SUHPDWXUH
PRUWDOLW\/#(3$#ZLOO#FRQWLQXH# WR#XVH# IRU# LWV#SULPDU\
DQDO\VHV#D#UDQJH#RI#YDOXHV#IRU#PRUWDOLW\#ULVN#UHGXFWLRQ
ZKLFK#DVVXPHV#VRFLHW\#YDOXHV#UHGXFWLRQV#LQ#SROOXWLRQ0
UHODWHG#SUHPDWXUH#PRUWDOLW\#HTXDOO\#UHJDUGOHVV#RI#ZKR
UHFHLYHV#WKH#EHQHILW#RI#VXFK#SURWHFWLRQ1

Sensitivity Test of Benefits Due to
Reduced Premature Mortality Valuation

([DPLQLQJ#WKH#VHQVLWLYLW\#RI#WKH#WRWDO#EHQHILWV#RI
UHGXFHG#SUHPDWXUH#PRUWDOLW\#WR#DOWHUQDWLYH#YDOXDWLRQ
WHFKQLTXHV# GRHV# SURYLGH# VRPH# LOOXPLQDWLRQ# WR# WKH
SRWHQWLDO# LPSDFWV# RI# DOWHUQDWLYH# DSSURDFKHV1# # 7KLV
VHFWLRQ# SUHVHQWV# DOWHUQDWLYH# UHVXOWV# WR# RXU# SULPDU\
HVWLPDWH#RI#PRUWDOLW\#YDOXDWLRQ#XVLQJ#WKH#OLIH0\HDUV#ORVW
DSSURDFK/#DQG#DOVR#H[DPLQH#WKH#HIIHFWV#RI#DOWHUQDWLYH
GLVFRXQW#UDWHV1

7KH# OLIH0\HDUV# ORVW# DSSURDFK# DOVR# UHTXLUHV# DQ
HVWLPDWH#RI#WKH#QXPEHU#RI#OLIH0\HDUV#ORVW#E\#D#SHUVRQ
G\LQJ#SUHPDWXUHO\#DW#HDFK#JLYHQ#DJH1##7KH#DSSURDFK
GHYHORSHG#IRU#WKLV#DQDO\VLV#DVVXPHV#WKDW#H[SRVXUH#WR
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HOHYDWHG# OHYHOV# RI# 30# LQFUHDVHV# WKH# SUREDELOLW\# RI :H# HPSKDVL]H# WKDW# WKH# UHVXOWV# RI# WKH# 96/<
G\LQJ#DW#D#VSHFLILF#DJH1##,QFUHDVLQJ#WKH#SUREDELOLW\#RI DSSURDFK# WR# YDOXLQJ# DYRLGHG# PRUWDOLW\# EHQHILWV
G\LQJ#DW#HDFK#DJH#ORZHUV#WKH#OLIH#H[SHFWDQF\#IRU#HDFK UHSUHVHQW#D#FUXGH#HVWLPDWH#RI#WKH#YDOXH#RI#FKDQJHV#LQ
DJH#FRKRUW1##7KH#DYHUDJH#QXPEHU#RI#OLIH0\HDUV#ORVW#ZLOO DJH0VSHFLILF#OLIH#H[SHFWDQF\1##7KHVH#UHVXOWV#VKRXOG#EH
GHSHQG#RQ#WKH#GLVWULEXWLRQ#RI#DJHV#LQ#WKH#SRSXODWLRQ LQWHUSUHWHG#FDXWLRXVO\/#GXH##WR#WKH#VHYHUDO#VLJQLILFDQW
LQ#D#ORFDWLRQ1##,Q#DGGLWLRQ/#WKLV#DQDO\VLV#LQFRUSRUDWHV DVVXPSWLRQV# UHTXLUHG# WR# JHQHUDWH# D# PRQHWL]HG
WKH#ILYH0\HDU#30#PRUWDOLW\#ODJ#VWUXFWXUH#GHVFULEHG#LQ HVWLPDWH# RI# OLIH# \HDUV# ORVW# IURP# WKH# UHODWLYH# ULVNV
&KDSWHU# 8# DQG# $SSHQGL[# '1# # ,W# GLVWULEXWHV# WKH UHSRUWHG# LQ# WKH# 3RSH# HW# DO1/# 4<<8# VWXG\# DQG# WKH
PRUWDOLW\#IRU#HDFK#FRKRUW#DFURVV#D#ILYH0\HDU#SHULRG#+58 DYDLODEOH# HFRQRPLF# OLWHUDWXUH1# # 7KHVH# DVVXPSWLRQV
SHUFHQW#LQ#HDFK#RI#WKH#ILUVW#WZR#\HDUV/#491:#SHUFHQW#LQ LQFOXGH/#EXW#DUH#QRW#OLPLWHG#WR=##H[WUDSRODWLRQ#RI#WKH
HDFK#RI#WKH#UHPDLQLQJ#\HDUV,#DQG#DGMXVWV#WKH#ORVV#RI#OLIH DJH#GLVWULEXWLRQ#RI#WKH#8161#SRSXODWLRQ#LQ#IXWXUH#\HDUV>
H[SHFWDQF\#DFFRUGLQJO\1##7KDW#LV/#ZKHQ#DSSO\LQJ#WKH#ODJ DVVXPSWLRQV#DERXW#WKH#DJH0VSHFLILFLW\#RI#WKH#UHODWLYH
DVVXPSWLRQ#ZLWKLQ#D#JLYHQ#FRKRUW/#LQGLYLGXDOV#ZKR#GLH ULVN#UHSRUWHG#E\#3RSH#HW#DO1/#4<<8>#DVVXPSWLRQV#DERXW
ODWHU# DUH# H[SHFWHG# WR# ORVH# OHVV# OLYH# H[SHFWDQF\# WKDQ WKH# OLIH# H[SHFWDQF\# RI# GLIIHUHQW# DJH# JURXSV>
WKRVH#ZKR#GLH#HDUOLHU1##)XUWKHU/#WKLV#DQDO\VLV#DSSOLHV#D DVVXPSWLRQ#RI#D#SDUWLFXODU#ODJ#VWUXFWXUH>#DVVXPSWLRQV
ILYH#SHUFHQW#GLVFRXQW#UDWH#ZKHQ#VXPPLQJ#WKH#YDOXH#RI DERXW# WKH# DJH0VSHFLILFLW\#RI# WKH# ODJ#SHULRG# +LI# DQ\,>
WKH#DYRLGHG#ORVVHV#RI#OLIH#H[SHFWDQF\#LQ#HDFK#FRKRUW GHULYDWLRQ#RI#96/<#HVWLPDWHV# IURP#96/#HVWLPDWHV>
RYHU#WKH#ILYH0\HDU#ODJ#SHULRG1 DVVXPSWLRQV#DERXW#WKH#YDULDWLRQ# LQ#96/<#ZLWK#DJH>

7KH#DOWHUQDWLYH#FHQWUDO#HVWLPDWHV#IRU#DYRLGHG#300
UHODWHG#SUHPDWXUH#PRUWDOLW\#XVLQJ#D#ILYH#SHUFHQW#GLV0
FRXQW#UDWH#DUH#'66#ELOOLRQ#LQ#5333#DQG#'86#ELOOLRQ#LQ
53431##7KH#96/<#DSSURDFK#UHVXOWV#LQ#HVWLPDWHV#WKDW
DUH# DOPRVW# 83#SHUFHQW# ORZHU# WKDQ#RXU#SULPDU\# HVW0
LPDWHV#RI#EHQHILWV#GXH# WR#DYRLGHG#SUH0PDWXUH#PRU0
WDOLW\1##7KH#VHQVLWLYLW\##DQDO\VLV/#KRZHYHU/#LQGLFDWHV#WKDW
WKH#SDWWHUQ#RI#PRQHWL]HG#PRUWDOLW\#EHQHILWV#ZLWK#HDFK
YDOXDWLRQ#SURFHGXUH#LV#HVVHQWLDOO\#LQYDULDQW#WR#WKH#GLV0
FRXQW#UDWH1##:H#VXPPDUL]H#WKHVH#UHVXOWV#LQ#7DEOH#+091

DQG# VHOHFWLRQ# RI# DQ# DSSURSULDWH# UDWH# DW# ZKLFK# WR
GLVFRXQW# WKH# ODJJHG# HVWLPDWHV# RI# OLIH# \HDUV# ORVW1
&KDQJHV# LQ# DQ\# RI# WKHVH# DVVXPSWLRQV# FRXOG
VLJQLILFDQWO\#DIIHFW# WKH#96/<#EHQHILW#HVWLPDWH1# #)RU
H[DPSOH/#LI#ZH#ZHUH#WR#DVVXPH#QR#ODJ#SHULRG#IRU#300
UHODWHG#PRUWDOLW\#HIIHFWV# LQVWHDG#RI# WKH# ILYH0\HDU# ODJ
VWUXFWXUH/# 96/<# EHQHILW# HVWLPDWHV# ZRXOG# LQFUHDVH
IURP#'86#ELOOLRQ#WR#'94#ELOOLRQ1

Table H-6
Sensitivity Analysis of Alternative Discount Rates on the Valuation of Reduced Premature
Mortality
Benefit Category & 2000  (in millions, 1990$) 2010 (in millions, 1990$)

Discount Rate 5th %ile Central 95th %ile 5th %ile Central 95th %ile

VSL Approach

3% Discount Rate $ 8,900 $ 65,000 $ 150,000 $ 14,000 $ 100,000 $ 250,000

5% Discount Rate 8,600 63,000 150,000 14,000 100,000 250,000

7% Discount Rate 8,300 61,000 150,000 14,000 97,000 240,000

VSLY Approach

3% Discount Rate $ 4,600 $ 30,000 $ 68,000 $ 7,400 $ 48,000 $ 110,000

5% Discount Rate 5,000 33,000 74,000 8,100 53,000 120,000

7% Discount Rate 5,400 35,000 80,000 8,800 57,000 130,000
Note:  The discount rate affects the benefits estimates of VSL and VSLY approach differently.  With the VSL approach, higher
discount rates lead to lower estimates because of the lag structure.  With the VSLY approach, the higher discount rates lead to
higher estimates because of its affect on the annualized values.
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Sensitivity Test for Impact of Income
Changes Over Time

$V# DQ# LOOXVWUDWLYH# FDOFXODWLRQ/# ZH# DGMXVW
ZLOOLQJQHVV0WR0SD\# +:73,# PHDVXUHV# WR# UHIOHFW# WKH
H[SHFWHG#LQFUHDVH#LQ#UHDO#LQFRPH#RYHU#WKH#IXOO#SHULRG
RI#WKH#DQDO\VLV/#4<<3#WR#53431##2XU#SURFHGXUH#UHVXOWV
LQ#DQ#XSZDUG#DGMXVWPHQW#WR#PRUH#DFFXUDWHO\#UHIOHFW#WKH
YDOXDWLRQ#RI#LPSURYHG#KHDOWK#DV#LQFRPH#LQFUHDVHV#RYHU
WLPH1##,Q#WKLV#VHFWLRQ/#ZH#GHVFULEH#WKH#SURFHGXUH#ZH
XVH#DQG#WKH#UHVXOWV#RI#RXU#LOOXVWUDWLYH#FDOFXODWLRQ1

Background and Methodology 

(FRQRPLVWV#XVH#LQFRPH#HODVWLFLW\#WR#HYDOXDWH#KRZ
SULYDWH# DQG# SXEOLF# JRRGV# DUH# YDOXHG# EDVHG# RQ# WKH
LQWHUDFWLRQ#EHWZHHQ#LQFRPH#FKDQJHV#DQG#GHPDQG1##$
QHJDWLYH#UHODWLRQVKLS#EHWZHHQ#LQFRPH#DQG#GHPDQG#IRU
D#JRRG#LPSOLHV#WKDW#WKH#JRRG#LV#DQ#LQIHULRU#JRRG1##$Q
LQGLYLGXDO#GHPDQGV#OHVV#RI#D#JRRG#DV#LQFRPH#ULVHV1##$
SRVLWLYH#UHODWLRQVKLS#EHWZHHQ#LQFRPH#DQG#WKH#GHPDQG
IRU# D# JRRG# LPSOLHV# WKDW# WKH# JRRG# LV# QRUPDO# +L1H1/
LQFRPH#HODVWLFLW\#LV#JUHDWHU#WKDQ#]HUR,1##$V#LQFRPH#ULVHV
DQ#LQGLYLGXDO#GHPDQGV#PRUH#RI#D#JRRG1##'HSHQGLQJ#RQ
WKH# UHODWLYH# UHVSRQVLYHQHVV# RI# GHPDQG# WR# LQFRPH
FKDQJHV/#QRUPDO#JRRGV#DUH#FKDUDFWHUL]HG#DV#D#QHFHVVLW\
RU#D#OX[XU\1##:KHQ#LQFRPH#HODVWLFLW\#LV#EHWZHHQ#3#DQG
.4/#WKH#JRRG#LV#FRQVLGHUHG#D#QHFHVVLW\#+L1H1/#GHPDQG#LV
QRW#VLJQLILFDQWO\#UHVSRQVLYH#WR#LQFRPH,1##,Q#FRQWUDVW/
ZKHQ# LQFRPH# HODVWLFLW\# H[FHHGV# .4/# WKH# JRRG# LV
FRQVLGHUHG#D# OX[XU\# +L1H1/#WKH#UHODWLYH# LQFUHDVH# LQ#WKH
JRRG·V#GHPDQG#H[FHHGV#WKH#LQFUHDVH#LQ#LQFRPH,1#

7KH#GHWHUPLQDWLRQ#RI#D#SXEOLF#JRRG#DV#LQIHULRU#RU
QRUPDO#EDVHG#RQ#LQFRPH#HODVWLFLW\#LV#FRPSOLFDWHG#E\
LWV#QRQULYDO#QDWXUH1# # ,Q# WKH# FDVH#RI# D#SULYDWH#JRRG/
YDU\LQJ# WKH# OHYHO#RI# FRQVXPSWLRQ# LV#PHDVXUHG# DV# D
PDUJLQDO# FKDQJH# DQG# LPSOLHV# WKDW# DQ# LQGLYLGXDO#ZLOO
DGMXVW#KLV#RU#KHU#FRQVXPSWLRQ#OHYHO#RI#RWKHU#JRRG+V,1
&RQVHTXHQWO\/#LQFRPH#HODVWLFLW\#RI#GHPDQG#HVWLPDWHV
D#FKDQJH#LQ#TXDQWLW\#FRQVXPHG/#DQG#QRW#QHFHVVDULO\#D
FKDQJH#LQ#XWLOLW\#+RU#WKH#LQGLYLGXDO*V#ZHOO0EHLQJ,1##:LWK
SXEOLF# JRRGV/# WKH# FRQFHSWXDO# ORJLF# LV# GLIIHUHQW1
,QFRPH#HODVWLFLW\#RI#:73#IRU#SXEOLF#JRRGV#PHDVXUHV
FKDQJHV# LQ# FRQVXPHU# VXUSOXV1# # )RU# H[DPSOH/# RQH
SHUVRQ#HQMR\LQJ#WKH#EHQHILWV#RI#FOHDQHU#DLU#GRHV#QRW
UHGXFH#WKH#SUREDELOLW\#RI#DQRWKHU#SHUVRQ#HQMR\LQJ#WKH

VDPH#EHQHILWV1##7KHUH#DUH#QR#DSSDUHQW#PHFKDQLVPV#IRU
UHJXODWLQJ#ZKR#VSHFLILFDOO\#ZLOO#HQMR\#WKH#EHQHILWV1##,Q
RWKHU#ZRUGV/#WKHUH#LV#QR#GLUHFW#UHODWLRQVKLS#EHWZHHQ#DQ
LQGLYLGXDO*V#:73#DQG# OHYHO#RI#FRQVXPSWLRQ1 # #7KH57

FRQVXPSWLRQ# OHYHO#RI#SXEOLF#JRRGV# LV#H[RJHQRXV#WR
WKH#LQGLYLGXDO*V#EXGJHW#FRQVWUDLQW1##$W#WKH#VDPH#WLPH/
:73# IRU# D# SXEOLF# JRRG# LV# QRW# H[RJHQRXV1# # $Q
LQGLYLGXDO/# WKHUHIRUH/#PXVW#FRQVLGHU#KRZ#KLV#RU#KHU
:73#DIIHFWV#WKH#DOORFDWLRQ#RI#LQFRPH#DPRQJ#SULYDWH
DQG#SXEOLF#JRRGV1 ##58

)ORUHV# DQG#&DUVRQ# +4<<:,#SURYLGH# H[DPSOHV#RI
KRZ#LQFRPH#HODVWLFLW\#FDQ#FKDQJH#GHSHQGLQJ#RQ#KRZ
WKH#JRRG#LV#GHILQHG#+L1H1/#SULYDWH#RU#SXEOLF,1##*LYHQ#WKH
GLYHUJHQFH#EHWZHHQ#SULYDWH# DQG#SXEOLF# JRRGV/# WKH\
FRQFOXGH#WKDW#LQFRPH#HODVWLFLW\#RI#:73#DQG#LQFRPH
HODVWLFLW\#RI#GHPDQG#DUH#UHODWHG1##7KH#UHODWLRQVKLS#GRHV
QRW# LPSO\# WKDW# NQRZOHGJH# RI# LQFRPH# HODVWLFLW\# RI
GHPDQG#LV#VXIILFLHQW#WR#HVWLPDWH#LQFRPH#HODVWLFLW\#RI
:73#JLYHQ#WKDW#WKH#LQFRPH#HODVWLFLW\#RI#:73#GHSHQGV
RQ#IDFWRUV#WKDW#FDQQRW#EH#REVHUYHG1##

,Q# DGGLWLRQ# WR# WKH# WKHRUHWLFDO# LVVXHV# DVVRFLDWHG
ZLWK#:73# IRU# SXEOLF# JRRGV/# WKHUH# DUH# LPSRUWDQW
HPSLULFDO# LVVXHV1# #:H# DUH# LQWHUHVWHG# LQ# KRZ#:73
FKDQJHV# ZLWK# UHVSHFW# WR# LQFUHDVHV# LQ# 8161#PHGLDQ
LQFRPH1##0HDVXULQJ#FKDQJHV#GXH#WR#JURZWK#LQ#PHGLDQ
LQFRPH#UHIOHFW#VKLIWV#LQ#RYHUDOO#SUHIHUHQFHV#DQG#XWLOLW\
+RU#LQ#WKH#FDVH#RI#SXEOLF#JRRGV/#VRFLDO#ZHOIDUH,1##7KLV
W\SH# RI# DQDO\VLV# UHTXLUHV# WLPH# VHULHV# GDWD1
8QIRUWXQDWHO\/#WKHUH#DUH#YHU\#IHZ#UHOHYDQW#VWXGLHV#WKDW
XVH# WKLV# DSSURDFK# WR# HVWLPDWH# LQFRPH# HODVWLFLW\159
&RQVHTXHQWO\/#ZH#PXVW# UHO\# RQ# LQFRPH# HODVWLFLWLHV
HVWLPDWHG# IURP#FURVV0VHFWLRQDO#GDWD1# #7KH#HVWLPDWHV

7KH# QRQULYDO# QDWXUH# RI# SXEOLF# JRRGV# LPSOLHV# WKDW# WKH57

PDUJLQDO#VRFLDO#FRVW#RI#FRQVXPLQJ#DQ#DGGLWLRQDO#XQLW#RI#EHQHILW#LV
]HUR1

&9# VWXGLHV#VROLFLW#:73#HVWLPDWHV# WKDW#DUH#VXEMHFW# WR# WKH58

UHVSRQGHQW*V#FXUUHQW#EXGJHW#FRQVWUDLQW1##7KH#EXGJHW#VKDUH#IDFWRU
UHTXLUHV#WKDW#WKH#LQFRPH#HODVWLFLWLHV#+IRU#DOO#FRQVXPHG#JRRGV,#VXP
WR#RQH1##7KLV#JHQHUDOO\#LPSOLHV#WKDW#LQFRPH#HODVWLFLW\#RI#DQ\#VLQJOH
JRRG#LV#VXEVWDQWLDOO\#OHVV#WKDQ#RQH1##

$YDLODEOH# VWXGLHV#XVLQJ# WLPH# VHULHV#GDWD# HVWLPDWH# LQFRPH59

HODVWLFLW\#RI#SXEOLF#KHDOWK#FDUH#H[SHQGLWXUHV#E\#DQDO\]LQJ#FKDQJHV
LQ# JRYHUQPHQW# VSHQGLQJ# UHODWLYH# WR# JURVV# GRPHVWLF# SURGXFW
+*'3,1# # 7KHVH# VWXGLHV# DUH# QRW# SDUWLFXODUO\# DSSOLFDEOH# WR# WKH
YDOXDWLRQ#PHWKRGRORJ\#XVHG#LQ#WKH#SUHVHQW#VWXG\1##
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UHIOHFW#GLIIHUHQFHV#LQ#ZLOOLQJQHVV#WR#SD\#IRU#LPSURYHG DGMXVWLQJ# EHQHILWV# YDOXDWLRQ# E\# OHYHO# RI# KRXVHKROG
KHDOWK# DPRQJ# YDULRXV# LQFRPH# OHYHOV1# # 7KH\# DUH LQFRPH#LQ#DQ\#JLYHQ#\HDU1###
PHDVXUHV#RI#DQ#LQGLYLGXDO*V#SUHIHUHQFHV#DQG#H[SHFWHG
XWLOLW\# JLYHQ# WKH# SHUVRQ*V# FXUUHQW# VWDWH# +L1H1/# LQ# WKH
SUHVHQW,1##

7KHUH# DUH# VHYHUDO# LVVXHV# DVVRFLDWHG# ZLWK# WKH
DSSOLFDWLRQ# RI# FURVV0VHFWLRQDO# UHVXOWV# WR# HVWLPDWH
ORQJLWXGLQDO#FKDQJHV#+L1H1/#FKDQJHV#RYHU#WLPH,1##0RVW
LPSRUWDQW#LV#WKH#SRWHQWLDO#IRU#PLVLQWHUSUHWDWLRQ#RI#RXU
UHFRPPHQGHG# DSSOLFDWLRQ# RI# LQFRPH# HODVWLFLW\
DGMXVWPHQW1# #$OWKRXJK#ZH#RXWOLQH#DQ#DSSURDFK# WKDW
XVHV##LQFRPH#HODVWLFLWLHV#GHULYHG#IURP#FURVV0VHFWLRQDO
GDWD/# WKH# DGMXVWPHQW# LV# VROHO\# D# SUR[\# IRU# KRZ
SUHIHUHQFHV#DQG#XWLOLW\#PD\#FKDQJH#DV#SURMHFWHG#RYHUDOO
DYHUDJH# LQFRPH#+L1H1/#UHDO#*'3#SHU#FDSLWD,# LQFUHDVHV
IURP# 4<<3# WR# 53431# #$SSOLFDWLRQ# RI# WKHVH# LQFRPH
HODVWLFLW\# HVWLPDWHV# GRHV# QRW# LPSO\# D# VWUDWHJ\# IRU

Derivation of Elasticity Estimates

%DVHG# RQ# RXU# UHYLHZ# RI# WKH# DYDLODEOH# LQFRPH
HODVWLFLW\#OLWHUDWXUH/#ZH#FRQGXFWHG#VHQVLWLYLW\#DQDO\VHV
WKDW#FKDUDFWHUL]H#KRZ#WKH#YDOXDWLRQ#RI#KXPDQ#KHDOWK
EHQHILWV#PD\#LQFUHDVH#ZLWK#D#ULVH#LQ#UHDO#8161#LQFRPH1
*LYHQ# WKH# UDQJH# RI# GLIIHUHQW# PHWKRGRORJLFDO
DSSURDFKHV#DQG#OLPLWHG#DYDLODEOH#UHVHDUFK/#ZH#FDOFXODWH
D#UDQJH#RI#LOOXVWUDWLYH#YDOXHV1##7DEOH#+0:#VXPPDUL]HV
WKH# LQFRPH# HODVWLFLWLHV# ZH# XVHG# WR# FRQGXFW# WKH
VHQVLWLYLW\#DQDO\VLV1

Table H-7
Elasticity Values for Conducting Sensitivity Analysis

Health Endpoint Lower Estimate Central Estimate Upper Estimate

Minor Health Effect 0.04 0.14 0.30

Severe and Chronic
Health Effects 0.25 0.45 0.60

Premature Mortality 0.08 0.40 1.00

Note:  Sources for the derivation of these values can be found in Industrial Economics 1999.

5HSRUWHG# LQFRPH# HODVWLFLWLHV# VXJJHVW# WKDW# WKH UHIOHFW#WKH#ORZHVW#DQG#KLJKHVW#HVWLPDWHV#GHULYHG#IURP
VHYHULW\# RI# WKH# PRUELGLW\# HQGSRLQW# LV# D# SULPDU\ RXU# OLWHUDWXUH# UHYLHZ1# # 7KH# FHQWUDO# HVWLPDWH# LV# WKH
GHWHUPLQDQW# RI# WKH# VWUHQJWK# RI# WKH# UHODWLRQVKLS PLGSRLQW#RI#WKH#DYHUDJHV#IURP#HDFK#VWXG\1##
EHWZHHQ#FKDQJHV#LQ#LQFRPH#DQG#WKH#ZLOOLQJQHVV#WR#SD\1
:LWKRXW#DFFRXQWLQJ#IRU#VHYHULW\/#WKHUH#LV#D#IDLUO\#ZLGH :LWK# UHVSHFW# WR# 96//# HVWLPDWHV# RI# LQFRPH
UDQJH# RI# YDOXHV# IRU# LQFRPH# HODVWLFLW\/# 3137# WR# 31931 HODVWLFLW\#UDQJH#IURP#313;#WR#41431##:H#XVH#ORZHU#DQG
(VWLPDWHV#DUH#PRUH#FORVHO\#FOXVWHUHG#LI#ZH#DFFRXQW#IRU XSSHU#HVWLPDWHV#WKDW#UHIOHFW#WKH#IXOO#UDQJH#RI#YDOXHV1
WKH#VHULRXVQHVV#RI#WKH#KHDOWK#HIIHFW1##)RU#WKH#SXUSRVHV 7KH# FHQWUDO#HVWLPDWH/# 3173/# UHSUHVHQWV# WKH#PLGSRLQW
RI#D#VHQVLWLYLW\#DQDO\VLV/#ZH#XVH#WZR#GLIIHUHQW#UDQJHV EHWZHHQ#WKH#DYHUDJH#ORZ#YDOXH#DQG#WKH#DYHUDJH#KLJK
EDVHG#RQ#ZKHWKHU#PRUELGLW\#HQGSRLQWV#DUH#PLQRU#RU YDOXH#RI#WKH#VWXGLHV#ZH#UHYLHZHG1
VHYHUH1##:LWK#UHVSHFW#WR#PLQRU#KHDOWK#HIIHFWV/#ZH#XVH
ORZHU#DQG#XSSHU#YDOXHV#RI#37#DQG#3163/#UHVSHFWLYHO\1
7KH# FHQWUDO# HVWLPDWH# LV# 31471# # )RU# FRQGXFWLQJ# D
VHQVLWLYLW\#WHVW#RI#WKH#LQFRPH#HODVWLFLW\#HIIHFW#RQ#:73
WR# DYRLG# VHYHUH#KHDOWK# HIIHFWV/#ZH# XVH# D# ORZHU# DQG
XSSHU# HVWLDPWHV#RI# 3158# DQG# 3193/#ZLWK# 3178# DV# WKH
FHQWUDO# HVWLPDWH1# # 7KH# ORZHU# DQG# XSSHU# HVWLPDWHV
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Illustrative Calculations —
Morbidity Benefits Estimates

7DEOH#+0;#SURYLGHV#D#VLPSOLILHG#H[DPSOH#RI#KRZ
DSSOLFDWLRQ#RI# WKH# HODVWLFLW\# UDQJHV#ZH#GHULYH# FRXOG
DIIHFW#EHQHILWV#HVWLPDWHV1##)RU#LOOXVWUDWLYH#SXUSRVHV/#ZH
XVH#WKH#:73#WR#DYRLG#DQ#DVWKPD#DWWDFN#WR#UHSUHVHQW#D
PLQRU# KHDOWK# HIIHFW# DQG#:73# WR# DYRLG# D# FDVH# RI
FKURQLF#EURQFKLWLV#WR#UHSUHVHQW#D#VHYHUH#KHDOWK#HIIHFW1
%\# WKH# \HDU# 5343/# WKH# HIIHFW#RI# LQFRPH# JURZWK#RQ
:73#IRU#D#PLQRU#KHDOWK#HIIHFW#FDQ#LQFUHDVH#EHWZHHQ
RQH# DQG# HLJKW# SHUFHQW/# ZLWK# WKH# FHQWUDO# HVWLPDWH
LQGLFDWLQJ#WKUHH#SHUFHQW#JURZWK1##7KH#:73#WR#DYRLG#D
VHYHUH#KHDOWK#HIIHFW#JURZV#IDVWHU#ZLWK#5343#HVWLPDWHV/
UDQJLQJ#EHWZHHQ#VHYHQ#DQG#VL[WHHQ#SHUFHQW#DQG#ZLWK
WKH#FHQWUDO#HVWLPDWH#LQFUHDVLQJ#E\#WKLUWHHQ#SHUFHQW1##

Table H-8
Illustrative Adjustment to Estimates of WTP to Avoid Morbidity

Year (in millions) (in millions) Income Estimate Estimate Estimate
US Population Real GDP Lower Central Upper

WTP Estimate (1990 Dollars) 1

Minor Health Effect- Asthma E =0.04 E =0.14 E =0.30y y y

1990 249,440 5,744 23,026 $32 $32 $32

2000 274,634 7,123 25,936 $32.20 $32.50 $33.20

2010 297,716 8,959 30,092 $32.30 $33.20 $34.70

Severe Health Effect- Chronic Bronchitis E =0.25 E =0.45 E =0.60y y y

1990 249,440 5,744 23,026 $260,000 $260,000 $260,000

2000 274,634 7,123 25,936 $267,850 $274,300 $279,240

2010 297,716 8,959 30,092 $277,990 $293,280 $305,290

Note:
 WTP estimates are reported in undiscounted 1990 dollars and represent value per case.1
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Illustrative Calculations —
VSL Estimate

:H# FKDUDFWHUL]H# WKH#SRWHQWLDO# HIIHFW#RI# LQFRPH
HODVWLFLW\# RQ# WKH# 96/# HVWLPDWH# LQ# 7DEOH#+0<1# # $Q
LQFRPH#HODVWLFLW\#RI#313;#GHPRQVWUDWHV#WKH#HIIHFW#RI#D
VOLJKW# DGMXVWPHQW# WR# WKH#96/# HVWLPDWHV# DV#PHGLDQ
LQFRPH# JUDGXDOO\# ULVHV1# # $V# VKRZQ# LQ# WKH# ILJXUH/
EHWZHHQ#4<<3#DQG#5343/#WKH#96/#HVWLPDWHV#LQFUHDVH#E\
DSSUR[LPDWHO\#WZR#SHUFHQW1##7KH#FHQWUDO#HVWLPDWH/#3173/
GHPRQVWUDWHV#WKDW#E\#5343/#D#WKLUW\#SHUFHQW#LQFUHDVH#LQ
PHGLDQ# LQFRPH#ZRXOG# UHVXOW# LQ#96/# LQFUHDVLQJ# E\
DSSUR[LPDWHO\#HOHYHQ#SHUFHQW1##7KH#XSSHU#ERXQG#YDOXH
GHPRQVWUDWHV#WKH#HIIHFW#RI#DVVXPLQJ#RQH#DV#WKH#YDOXH
RI#LQFRPH#HODVWLFLW\1##,Q#WKLV#WZHQW\#\HDU#SHULRG#RI#WKH
SURVSHFWLYH#DQDO\VLV/#WKH#96/#HVWLPDWH#ZRXOG#LQFUHDVH
IURP#'71;#WR#'916#PLOOLRQ# LI# LQFRPH#HODVWLFLW\#HTXDOV
RQH1##

Table H-9
Illustrative Adjustment to Estimates of The Value of Statistical Life

Year (in millions) (in millions) Income E =0.08 E =0.40 E =1.0
US Population Real GDP Estimate Estimate Estimate

Value of Life Estimate (in thousands) 1

Lower Central Upper

y y y

1990 249,440 5,744 23,026 $4,800 $4,800 $4,800

2000 274,634 7,123 25,936 $4,848 $5,036 $5,410

2010 297,716 8,959 30,092 $4,905 $5,345 $6,271

Note:
 Value of life estimates reported in undiscounted 1990 dollars.1



The Benefits and Costs of the Clean Air Act, 1990 to 2010

H-42

References

$EEH\/#'1(1/#)1#3HWHUVHQ/#31#.1#0LOOV/#DQG#:1#/1#%HHVRQ1##4<<61##´/RQJ07HUP#$PELHQW#&RQFHQWUDWLRQV#RI
7RWDO#6XVSHQGHG#3DUWLFXODWHV/#2]RQH/#DQG#6XOIXU#'LR[LGH#DQG#5HVSLUDWRU\#6\PSWRPV#LQ#D
1RQVPRNLQJ#3RSXODWLRQ1µ#$UFKLYHV#RI#(QYLURQPHQWDO#+HDOWK##7;+4,=#660791#

$EW#$VVRFLDWHV/#,QF1##4<<51##7KH#0HGLFDO#&RVWV#RI#)LYH#,OOQHVVHV#5HODWHG#WR#([SRVXUH#WR#3ROOXWDQWV1#3UHSDUHG
IRU#8161#(3$/#2IILFH#RI#3ROOXWLRQ#3UHYHQWLRQ#DQG#7R[LFV/#:DVKLQJWRQ/#'&1

$EW#$VVRFLDWHV/#,QF1##4<<91##6HFWLRQ#;45#5HWURVSHFWLYH#$QDO\VLV=#4XDQWLI\LQJ#+HDOWK#DQG#:HOIDUH#%HQHILWV1
'UDIW1##3UHSDUHG#IRU#8161#(3$/#2IILFH#RI#3ROLF\#3ODQQLQJ#DQG#(YDOXDWLRQ/#:DVKLQJWRQ#'&1##0D\1

$OEHULQL/#$1/#$1#.UXSQLFN/#01#&URSSHU/#DQG#:1#+DUULQJWRQ1##4<<71##´$LU#4XDOLW\#DQG#WKH#9DOXH#RI#+HDOWK#LQ
7DLZDQ1µ##3DSHU#SUHVHQWHG#DW#WKH#DQQXDO#PHHWLQJ#RI#WKH#(DVWHUQ#(FRQRPLFV#$VVRFLDWLRQ/#%RVWRQ/
0DVVDFKXVHWWV/#0DUFK1

%HJJV/#6WHYHQ#'1#4<;71##'LYHUVH#5LVNV#DQG#WKH#5HODWLYH#:RUWK#RI#*RYHUQPHQW#+HDOWK#DQG#6DIHW\#3URJUDPV=#
$Q#([SHULPHQWDO#6XUYH\1##8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#(3$05560370;803381##-XQH1

%OXPHQVFKHLQ/#.DUHQ#DQG#0DJQXV#-RKDQQHVVRQ1##4<<;1##´5HODWLRQVKLS#%HWZHHQ#4XDOLW\#RI#/LIH#,QVWUXPHQWV/
+HDOWK#6WDWH#8WLOLWLHV/#DQG#:LOOLQJQHVV#WR#3D\#LQ#3DWLHQWV#ZLWK#$VWKPD1µ#$QQDOV#RI#$OOHUJ\/#$VWKPD/
DQG#,PPXQRORJ\#;3=4;<04<71

%URRNVKLUH/#'DYLG#61/#5DOSK#&1#G*$UJH/#:LOOLDP#'1#6FKXO]H#DQG#0DUN#$1#7KD\HU1##4<:<1##0HWKRGV
'HYHORSPHQW#IRU#$VVHVVLQJ#$LU#3ROOXWLRQ#&RQWURO#%HQHILWV/#9RO1#,,=##([SHULPHQWV#LQ#9DOXLQJ#1RQ0
0DUNHW#*RRGV=##$#&DVH#6WXG\#RI#$OWHUQDWLYH#%HQHILW#0HDVXUHV#RI#$LU#3ROOXWLRQ#&RQWURO#LQ#WKH#6RXWK
&RDVW#$LU#%DVLQ#RI#6RXWKHUQ#&DOLIRUQLD1##3UHSDUHG#IRU#WKH#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/
2IILFH#RI#5HVHDUFK#DQG#'HYHORSPHQW1

&KHVWQXW/#/DXUDLQH#*1##4<<81##'ROODUV#DQG#&HQWV=#7KH#(FRQRPLF#DQG#+HDOWK#%HQHILWV#RI#3RWHQWLDO#3DUWLFXODWH
0DWWHU#5HGXFWLRQV#LQ#WKH#8QLWHG#6WDWHV1##3UHSDUHG#IRU#WKH#$PHULFDQ#/XQJ#$VVRFLDWLRQ1

&KHVWQXW/#/DXUDLQH#*1#DQG#5REHUW#'1#5RZH1##4<;<1##%(FRQRPLF#9DOXDWLRQ#RI#&KDQJHV#LQ#9LVLELOLW\=#$#6WDWH#RI
WKH#6FLHQFH#$VVHVVPHQW#IRU#1$3$3/%#DV#FLWHG#LQ#1DWLRQDO#$FLG#3UHFLSLWDWLRQ#$VVHVVPHQW#3URJUDP/
0HWKRGV#IRU#9DOXLQJ#$FLGLF#'HSRVLWLRQ#DQG#$LU#3ROOXWLRQ#(IIHFWV1##1$3$3#6WDWH#RI#6FLHQFH#DQG
6WDWH#RI#7HFKQRORJ\#5HSRUW#1R1#5:/#3DUW#%1##'HFHPEHU1

&KHVWQXW/#/DXUDLQH#*1#DQG#5RELQ#'HQQLV1##4<<:1##%(FRQRPLF#%HQHILWV#RI#,PSURYHPHQWV#LQ#9LVLELOLW\=#$FLG
5DLQ#3URYLVLRQV#RI#WKH#4<<3#&OHDQ#$LU#$FW#$PPHQGPHQWV1%##-RXUQDO#RI#$LU#DQG#:DVWH#0DQDJHPHQW
$VVRFLDWLRQ#7:=6<807351

&LIXHQWHV/#/1#DQG#/1%1#/DYH1##4<<91##´$VVRFLDWLRQ#RI#'DLO\#0RUWDOLW\#DQG#$LU#3ROOXWLRQ#LQ#3KLODGHOSKLD/#4<;60
4<;;1µ##-1#$LU#:DVWH#0DQDJH1#$VVRF1=#LQ#SUHVV1

&URFNHU#71#'1#DQG#51#/1#+RUVW/#-U1##4<;41##´+RXUV#RI#:RUN/#/DERU#3URGXFWLYLW\/#DQG#(QYLURQPHQWDO
&RQGLWLRQV=##D#&DVH#6WXG\1µ##7KH#5HYLHZ#RI#(FRQRPLFV#DQG#6WDWLVWLFV#96=694069;1



The Benefits and Costs of the Clean Air Act, 1990 to 2010

H-43

&URSSHU/#01/1#DQG#$1-1#.UXSQLFN1##4<<31##´7KH#6RFLDO#&RVWV#RI#&KURQLF#+HDUW#DQG#/XQJ#'LVHDVH/µ#5HVRXUFHV
IRU#WKH#)XWXUH#'LVFXVVLRQ#3DSHU#4(#;<04905(91

&URSSHU/#0DXUHHQ#/1#DQG#)UDQFHV#*1#6XVVPDQ1#4<<31#´9DOXLQJ#)XWXUH#5LVNV#WR#/LIH1µ##-RXUQDO#RI
(QYLURQPHQWDO#(FRQRPLFV#DQG#0DQDJHPHQW1##4<=49304:71#

&XWOHU/#'DYLG#01#DQG#(OL]DEHWK#5LFKDUGVRQ1# 4<<;1# #´7KH#9DOXH#RI#+HDOWK=# # 4<:3³4<<31µ# #7KH#$PHULFDQ
(FRQRPLF#5HYLHZ1##;;+5,=<:04331#0D\1

'HVYRXJHV/#:LOOLDP#+1/#)1#5HHG#-RKQVRQ/#DQG#+1#6SHQFHU#%DQ]KDI1#4<<;1#(QYLURQPHQWDO#3ROLF\#$QDO\VLV#ZLWK
/LPLWHG#,QIRUPDWLRQ/#3ULQFLSOHV#DQG#$SSOLFDWLRQV#RI#WKH#7UDQVIHU#0HWKRG1##(GZDUG#(OJDU#3XEOLVKLQJ
/LPLWHG=#1RUWKDPSWRQ1

'LFNLH/#01#HW#DO1##4<<41##5HFRQFLOLQJ#$YHUWLQJ#%HKDYLRU#DQG#&RQWLQJHQW#9DOXDWLRQ#%HQHILW#(VWLPDWHV#RI
5HGXFLQJ#6\PSWRPV#RI#2]RQH#([SRVXUH#+GUDIW,/#DV#FLWHG#LQ#1HXPDQQ/#-1(1/#'LFNLH/#0171/#DQG#51(1
8QVZRUWK1##4<<71##,QGXVWULDO#(FRQRPLFV/#,QFRUSRUDWHG1##0HPRUDQGXP#WR#-LP#'H0RFNHU/#8161#(3$/
2IILFH#RI#$LU#DQG#5DGLDWLRQ1##0DUFK#641

(OL[KDXVHU/#$1/#5101#$QGUHZV/#DQG#61#)R[1##4<<61##&OLQLFDO#&ODVVLILFDWLRQV#IRU#+HDOWK#3ROLF\#5HVHDUFK=
'LVFKDUJH#6WDWLVWLFV#E\#3ULQFLSDO#'LDJQRVLV#DQG#3URFHGXUH1##$JHQF\#IRU#+HDOWK#&DUH#3ROLF\#DQG
5HVHDUFK#+$+&35,/#&HQWHU#IRU#*HQHUDO#+HDOWK#6HUYLFHV#,QWUDPXUDO#5HVHDUFK/#8161#'HSDUWPHQW#RI
+HDOWK#DQG#+XPDQ#6HUYLFHV1

)LVKHU/#$QQ/#/DXUDLQH#*1#&KHVWQXW/#DQG#'DQLHO#01#9LROHWWH1##4<;<1##´7KH#9DOXH#RI#5HGXFLQJ#5LVNV#RI#'HDWK=#
$#1RWH#RQ#1HZ#(YLGHQFH1µ##-RXUQDO#RI#3ROLF\#$QDO\VLV#DQG#0DQDJHPHQW1#;+4,=;;04331#

)UHQFK/#0LFKDHO#71#DQG#-RVHSKLQH#$1#0DXVNRSI1##4<<51###%$#4XDOLW\0RI0/LIH#0HWKRG#IRU#(VWLPDWLQJ#WKH#9DOXH
RI#$YRLGHG#0RUELGLW\1%##$PHULFDQ#-RXUQDO#RI#3XEOLF#+HDOWK1##;5+44,=4886048881##1RYHPEHU1

*DUEHU/#$ODQ#01#DQG#&KDUOHV#(1#3KHOSV1##4<<:1##´(FRQRPLF#)RXQGDWLRQV#RI#&RVW0(IIHFWLYHQHVV#$QDO\VLV1µ#
-RXUQDO#RI#+HDOWK#(FRQRPLFV1##49=40641#

*HUNLQJ/#61/#01#'H+DDQ/#DQG#:1#6FKXO]H1##4<;;1##´7KH#0DUJLQDO#9DOXH#RI#-RE#6DIHW\=#$#&RQWLQJHQW#9DOXDWLRQ
6WXG\1µ##-RXUQDO#RI#5LVN#DQG#8QFHUWDLQW\#4=#4;804<<1

,QGXVWULDO#(FRQRPLFV/#,QFRUSRUDWHG#+,(F,1##4<<51##$SSURDFKHV#WR#(QYLURQPHQWDO#%HQHILWV#$VVHVVPHQW#WR
6XSSRUW#WKH#&OHDQ#$LU#$FW#6HFWLRQ#;45#$QDO\VLV1##3UHSDUHG#E\#5REHUW#(1#8QVZRUWK/#-DPHV#(1
1HXPDQQ/#DQG#:1#(ULF#%URZQH/#IRU#-LP#'H0RFNHU/#2IILFH#RI#3ROLF\#$QDO\VLV#DQG#5HYLHZ/#2IILFH#RI
$LU#DQG#5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1##9#1RYHPEHU1

,QGXVWULDO#(FRQRPLFV/#,QFRUSRUDWHG#+,(F,1##4<<6D1##%$QDO\VLV#RI#9LVLELOLW\#9DOXDWLRQ#,VVXHV#IRU#WKH#6HFWLRQ
;45#6WXG\/%#0HPRUDQGXP#WR#-LP#'H0RFNHU/#2IILFH#RI#3ROLF\#$QDO\VLV#DQG#5HYLHZ/#2IILFH#RI#$LU
DQG#5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#SUHSDUHG#E\#-LP#1HXPDQQ/#/LVD#5RELQVRQ/
DQG#%RE#8QVZRUWK1##6HSWHPEHU#631



The Benefits and Costs of the Clean Air Act, 1990 to 2010

H-44

,QGXVWULDO#(FRQRPLFV/#,QFRUSRUDWHG#+,(F,1##4<<:1##%9LVLELOLW\#9DOXDWLRQ#IRU#WKH#&$$#6HFWLRQ#;45
5HWURVSHFWLYH#$QDO\VLV/%#0HPRUDQGXP#WR#-LP#'H0RFNHU/#2IILFH#RI#3ROLF\#$QDO\VLV#DQG#5HYLHZ/
2IILFH#RI#$LU#DQG#5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#SUHSDUHG#E\#0LFKDHO#+1#+HVWHU
DQG#-DPHV#(1#1HXPDQQ1##4;#)HEUXDU\1

,QGXVWULDO#(FRQRPLFV/#,QFRUSRUDWHG#+,(F,1##4<<<1##%5HFRPPHQGHG#$SSURDFK#WR#$GMXVWLQJ#:73#(VWLPDWHV#WR
5HIOHFW#&KDQJHV#LQ#5HDO#,QFRPH/%#0HPRUDQGXP#WR#-LP#'H0RFNHU/#2IILFH#RI#3ROLF\#$QDO\VLV#DQG
5HYLHZ/#2IILFH#RI#$LU#DQG#5DGLDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#SUHSDUHG#E\#1DRPL
.OHFNQHU#DQG#-DPHV#(1#1HXPDQQ1##6#-XQH1

,UHODQG/#7KRPDV#51#DQG#5R\#*LOEHUW1##4<<;1##%6XSUDPRQHWDU\#9DOXHV/#WKH#9DOXH#RI#/LIH/#DQG#WKH#8WLOLW\
7KHRU\#0HDQLQJV#RI#7RUW#5HFRYHU\1%##-RXUQDO#RI#)RUHQVLF#(FRQRPLFV1#44=4;<05341

,UZLQ/#-XOLH/#:LOOLDP#6FKXO]H/#*DU\#0F&OHOODQG/#'RQDOG#:DOGPDQ/#'DYLG#6FKHQN/#7KRPDV#6WHZDUW/#/HODQG
'HFN/#3DXO#6ORYLF/#6DUDK#/LFWHQVWHLQ/#DQG#0DUN#7KD\HU1##4<<31##9DOXLQJ#9LVLELOLW\=#$#)LHOG#7HVW#RI#WKH
&RQWLQJHQW#9DOXDWLRQ#0HWKRG1##3UHSDUHG#IRU#2IILFH#RI#3ROLF\/#3ODQQLQJ#DQG#(YDOXDWLRQ/#8161
(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1##0DUFK1

-RKDQQHVVRQ/#0DJQXV#DQG#3HU02ORY#-RKDQVVRQ1##4<<91##´7R#%H#RU#1RW#WR#%H/#7KDW#LV#WKH#4XHVWLRQ=##$Q
(PSLULFDO#6WXG\#RI#WKH#:73#IRU#DQ#,QFUHDVHG#/LIH#([SHFWDQF\#DW#DQ#$GYDQFHG#$JH1µ##-RXUQDO#RI
5LVN#DQG#8QFHUWDLQW\1##46=49604:71#

-RKDQQHVVRQ/#0DJQXV#DQG#3HU02ORY#-RKDQVVRQ1##4<<:1##´7KH#9DOXH#RI#/LIH#([WHQVLRQ#DQG#WKH#0DUJLQDO#5DWH#RI
7LPH#3UHIHUHQFH=##$#3LORW#6WXG\1µ##$SSOLHG#(FRQRPLF#/HWWHUV1##7=860881

-RKDQQHVVRQ/#0DJQXV/#3HU02ORY#-RKDQVVRQ/#DQG#.DUO0*XVWDY#/RIJUHQ1##4<<:1##´2Q#WKH#9DOXH#RI#&KDQJHV#LQ#/LIH
([SHFWDQF\=##%OLSV#9HUVXV#3DUDPHWULF#&KDQJHV1µ##-RXUQDO#RI#5LVN#DQG#8QFHUWDLQW\1##48=554056<1

-RKDQVVRQ/#3HU02ORY1##4<<81##(YDOXDWLQJ#+HDOWK#5LVNV=##$Q#(FRQRPLF#$SSURDFK1##&DPEULGJH#8QLYHUVLW\
3UHVV=##*UHDW#%ULWDLQ1

-RQHV0/HH/#01:1/#HW#DO1##4<;81##´7KH#9DOXH#RI#6DIHW\=#5HVXOW#RI#D#1DWLRQDO#6DPSOH#6XUYH\1µ##(FRQRPLF#-RXUQDO
<8+0DUFK,=#7<0:51

-RQHV0/HH/#01:1##4<<51##´3DWHUQDOLVWLF#$OWUXLVP#DQG#WKH#9DOXH#RI#6WDWLVWLFDO#/LIH1µ##7KH#(FRQRPLF#-RXUQDO1#
435=;30<31##-DQXDU\1

-RQHV0/HH/#01:1/#01#+DPPHUWRQ/#DQG#3151#3KLOLSV1##4<;81##´7KH#9DOXH#RI#6DIHW\=##5HVXOWV#RI#D#1DWLRQDO#6DPSOH
6XUYH\1##(FRQRPLF#-RXUQDO1##<8=##7<0:51##0DUFK1

.UXSQLFN/#$1-1#DQG#01/1#&URSSHU1##4<<51##´7KH#(IIHFW#RI#,QIRUPDWLRQ#RQ#+HDOWK#5LVN#9DOXDWLRQV/µ#-RXUQDO#RI
5LVN#DQG#8QFHUWDLQW\#8+5,=#5<07;1

.UXSQLFN/#$1-1#DQG#51-1#.RSS1##4<;;1##+HDOWK#DQG#$JULFXOWXUDO#%HQHILWV#RI#5HGXFWLRQV#LQ#$PELHQW#2]RQH#LQ
WKH#8QLWHG#6WDWHV1##5HVRXUFHV#IRU#WKH#)XWXUH1



The Benefits and Costs of the Clean Air Act, 1990 to 2010

H-45

/RHKPDQ/#(171/#6191#%HUJ/#$1$1#$UUR\R/#51$1#+HGLQJHU/#-101#6FKZDUW]/#01(1#6KDZ/#51:1#)DKLHQ/#91+1#'H/
5131#)LVKH/#'1(1#5LR/#:1)1#5RVVOH\/#DQG#$1(161#*UHHQ1##4<:<1##´'LVWULEXWLRQDO#$QDO\VLV#RI#5HJLRQDO
%HQHILWV#DQG#&RVW#RI#$LU#4XDOLW\#&RQWURO1µ##-RXUQDO#RI#(QYLURQPHQWDO#(FRQRPLFV#DQG#0DQDJHPHQW
9=#55505761

/RHKPDQ/#(171#DQG#9R#+X#'H1##4<;51##´$SSOLFDWLRQ#RI#6WRFKDVWLF#&KRLFH#0RGHOLQJ#WR#3ROLF\#$QDO\VLV#RI
3XEOLF#*RRGV=#$#&DVH#6WXG\#RI#$LU#4XDOLW\#,PSURYHPHQWV1µ##7KH#5HYLHZ#RI#(FRQRPLFV#DQG
6WDWLVWLFV##97+6,=#7:707;31

0DQXHO/#(1+1/#51/1#+RUVW/#.101#%UHQQDQ/#:111#/DQHQ/#01&1#'XII/#DQG#-1.#7DSLHUR1##4<;51##%HQHILWV#$QDO\VLV
RI#$OWHUQDWLYH#6HFRQGDU\#1DWLRQDO#$PELHQW#$LU#4XDOLW\#6WDQGDUGV#IRU#6XOIXU#'LR[LGH#DQG#7RWDO
6XVSHQGHG#3DUWLFXODWHV/#9ROXPHV#,0,91##3UHSDUHG#IRU#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#2IILFH
RI#$LU#4XDOLW\#3ODQQLQJ#DQG#6WDQGDUGV/#5HVHDUFK#7ULDQJOH#3DUN/#1&1

0F&OHOODQG/#*DU\/#:LOOLDP#6FKXO]H/#'RQDOG#:DOGPDQ/#-XOLH#,UZLQ/#'DYLG#6FKHQN/#7KRPDV#6WHZDUW/#/HODQG
'HFN#DQG#0DUN#7KD\HU1##4<<41##9DOXLQJ#(DVWHUQ#9LVLELOLW\=#$#)LHOG#7HVW#RI#WKH#&RQWLQJHQW#9DOXDWLRQ
0HWKRG1##3UHSDUHG#IRU#2IILFH#RI#3ROLF\/#3ODQQLQJ#DQG#(YDOXDWLRQ/#8161#(QYLURQPHQWDO#3URWHFWLRQ
$JHQF\1##-XQH1

0LOOHU/#7151/#&1#&DOKRXQ/#DQG#:1%1#$UWKXU1##4<<31##8WLOLW\0DGMXVWHG#,PSDLUPHQW#<HDUV=##$#/RZ0&RVW#$SSURDFK
WR#0RUELGLW\#9DOXDWLRQ1##)HGHUDO#+LJKZD\#$GPLQLVWUDWLRQ1##0DUFK1

0LWFKHOO/#51&1#DQG#5171#&DUVRQ1##4<;91##´9DOXLQJ#'ULQNLQJ#:DWHU#5LVN#5HGXFWLRQV#8VLQJ#WKH#&RQWLQJHQW
9DOXDWLRQ#0HWKRGV=#$#0HWKRGRORJLFDO#6WXG\#RI#5LVNV#IURP#7+0#DQG#*LDUGLD1µ##3DSHU#SUHSDUHG#IRU
5HVRXUFHV#IRU#WKH#)XWXUH/#:DVKLQJWRQ/#'&1

0RRUH/#01-1#DQG#:1.1#9LVFXVL1##4<;;1##´7KH#4XDQWLW\0$GMXVWHG#9DOXH#RI#/LIHµ1##(FRQRPLF#,QTXLU\#59+6,=#69<0
6;;1

0XUUD\/#&KULVWRSKHU#-1/1#DQG#$ODQ#'1#/RSH]/#HGV1##4<<9##7KH#*OREDO#%XUGHQ#RI#'LVHDVH1###+DUYDUG#6FKRRO#RI
3XEOLF#+HDOWK#RQ#EHKDOI#RI#WKH#:RUOG#+HDOWK#2UJDQL]DWLRQ#DQG#WKH#:RUOG#%DQN1

1DWLRQDO#$FLG#3UHFLSLWDWLRQ#$VVHVVPHQW#3URJUDP#+1$3$3,1##4<<41##$FLGLF#'HSRVLWLRQ=#6WDWH#RI#6FLHQFH#DQG
7HFKQRORJ\#+6XPPDU\#5HSRUW,1##+:DVKLQJWRQ/#'&=#1$3$3,1##6HSWHPEHU1

1HXPDQQ/#-1(1/#01#71#'LFNLH/#DQG#51(1#8QVZRUWK1##4<<71##,QGXVWULDO#(FRQRPLFV/#,QFRUSRUDWHG1#
0HPRUDQGXP#WR#-LP#'H0RFNHU/#8161#(3$/#2IILFH#RI#$LU#DQG#5DGLDWLRQ1##/LQNDJH#%HWZHHQ#+HDOWK
(IIHFWV#(VWLPDWLRQ#DQG#0RUELGLW\#9DOXDWLRQ#LQ#WKH#6HFWLRQ#;45#$QDO\VLV#00#'UDIW#9DOXDWLRQ
'RFXPHQW1##0DUFK#641

2·&RQRU/#5LFKDUG#01#DQG#*OHQQ#&1#%ORPTXLVW/#4<<:1##´0HDVXUHPHQW#RI#&RQVXPHU03DWLHQW#3UHIHUHQFHV
8VLQJ#D#+\EULG#&RQWLQJHQW#9DOXDWLRQ#0HWKRG1µ##-RXUQDO#RI#+HDOWK#(FRQRPLFV#49=99:09;61

2VWUR/#%1'1/#01-1#/LSVHWW/#-1.1#0DQQ/#+1#%UD[WRQ02ZHQV/#DQG#01&1#:KLWH1##4<<81##´$LU#3ROOXWLRQ#DQG#$VWKPD
([DFHUEDWLRQV#$PRQJ#$IULFDQ#$PHULFDQ#&KLOGUHQ#LQ#/RV#$QJHOHV1µ##,QKDODWLRQ#7R[LFRORJ\1



The Benefits and Costs of the Clean Air Act, 1990 to 2010

H-46

3RSH/#&1$1/#,,,/#01-1#7KXQ/#0101#1DPERRGLUL/#'1:1#'RFNHU\/#-161#(YDQV/#)1(1#6SHL]HU/#DQG#&1:1#+HDWK/#-U1#
4<<81##´3DUWLFXODWH#$LU#3ROOXWLRQ#DV#D#3UHGLFWRU#RI#0RUWDOLW\#LQ#D#3URVSHFWLYH#6WXG\#RI#8161#$GXOWV1µ#
$P1#-1#5HVSLU1#&ULW1#&DUH#0HG1##484=#99<09:71

3RVW/#(OOHQ#DQG#/1##'HFN1##4<<91##$EW#$VVRFLDWHV#,QF1##0HPRUDQGXP#WR#7RP#*LOOLV/#8161#(3$/#2IILFH#RI
2IILFH#RI#3ROLF\#3ODQQLQJ#DQG#(YDOXDWLRQ1##6HSWHPEHU#531

5RZH/#51'1#DQG#/1*1#&KHVWQXW1##4<;91##´2[LGDQWV#DQG#$VWKPDWLFV#LQ#/RV#$QJHOHV=#$#%HQHILWV#$QDO\VLV00
([HFXWLYH#6XPPDU\1µ##3UHSDUHG#E\#(QHUJ\#DQG#5HVRXUFH#&RQVXOWDQWV/#,QF1##5HSRUW#WR#WKH#8161#(3$/
2IILFH#RI#3ROLF\#$QDO\VLV1##(3$056303<0;9034;1##:DVKLQJWRQ/#'1&1##0DUFK1

5RZODWW/#3HQHORSH/#0LFKDHO#6SDFNPDQ/#6LRQ#-RQHV/#0LFKDHO#-RQHV0/HH/#DQG#*UDKDP#/RRPHV1##4<<;1#9DOXDWLRQ
RI#'HDWKV#IURP#$LU#3ROOXWLRQ1##)RU#WKH#'HSDUWPHQW#RI#(QYLURQPHQW/#7UDQVSRUW#DQG#WKH#5HJLRQV#DQG
WKH#'HSDUWPHQW#RI#7UDGH#DQG#,QGXVWU\1##)HEUXDU\1##

6DONHYHU/#'161##4<<81##´8SGDWHG#(VWLPDWHV#RI#(DUQLQJV#%HQHILWV#IURP#5HGXFHG#([SRVXUH#RI#&KLOGUHQ#WR
(QYLURQPHQWDO#/HDG1µ#(QYLURQPHQWDO#5HVHDUFK#:3=#4091

6FKZDUW]/#-1##4<<71##´6RFLHWDO#%HQHILWV#RI#5HGXFLQJ#/HDG#([SRVXUH1µ##(QYLURQPHQWDO#5HVHDUFK#99=#43804571

6HOYLQ/#6WHYH1#4<<91#6WDWLVWLFDO#$QDO\VLV#RI#(SLGHPLRORJLF#'DWD1##6HFRQG#(GLWLRQ1##0RQRJUDSKV#LQ
(SLGHPLRORJ\#DQG#%LRVWDWLVWLFV/#9ROXPH#581##2[IRUG#8QLYHUVLW\#3UHVV1

6PLWK/#'DYLG#+1/#'DQLHO#&1#0DORQH/#.HQQHWK#$1#/DZVRQ/#/\QQ#-1#2NDPRWR/#&DUPHOLQD#%DWWLVWD/#DQG#:LOOLDP
%1#6DXQGHUV/#4<<:1##´$#1DWLRQDO#(VWLPDWH#RI#WKH#(FRQRPLF#&RVWV#RI#$VWKPD/µ#$P1#-1#5HVSLU1#&ULW1
&DUH#0HG1##489=#:;:0:<61

6PLWK/#91#.HUU\/#*HRUJH#9DQ#+RXWYHQ/#6XEKUHQGX#3DWWDQD\DN/#4<<<1##´%HQHILW#7UDQVIHU#DV#D#3UHIHUHQFH
&DOLEUDWLRQ1µ#5HVRXUFHV#IRU#WKH#)XWXUH/#'LVFXVVLRQ#3DSHU#<<0691##0D\1

6SL[/#&1/#-1#+HLQULFK/#'1#'RFNHU\/#-1#6FKZDUW]/#*1#9RONVFK/#.1#6FKZLQNRZVNL/#&1#&ROOHQ/#DQG#+1(1#:LFKPDQQ1#
4<<71##6XPPDU\#RI#WKH#$QDO\VLV#DQG#5HDQDO\VLV#&RUUHVSRQGLQJ#WR#WKH#3XEOLFDWLRQ#$LU#3ROOXWLRQ#DQG
'DLO\#0RUWDOLW\#LQ#(UIXUW/#(DVW#*HUPDQ\#4<;304<;<1##6XPPDU\#UHSRUW#IRU=##&ULWLFDO#(YDOXDWLRQ
:RUNVKRS#RQ#3DUWLFXODWH#0DWWHU000RUWDOLW\#(SLGHPLRORJ\#6WXGLHV>#1RYHPEHU>#5DOHLJK/#1&1#
:XSSHUWDO/#*HUPDQ\=#%HUJLVFKH#8QLYHUVLWDW0*HVDPWKRFKVFKXOH#:XSSHUWDO1

7D\ORU/#7111/#31+1#'DYLV/#-1&1#7RUQHU/#-1#+ROPHV/#-1:1#0H\HU/#DQG#01#)1#-DFREVRQ1##4<<91##´/LIHWLPH#&RVW#RI
6WURNH#LQ#WKH#8QLWHG#6WDWHV1µ##6WURNH#5:+<,=#478<047991

7ROOH\/#*161#HW#DO1#4<;91##9DOXDWLRQ#RI#5HGXFWLRQV#LQ#+XPDQ#+HDOWK#6\PSWRPV#DQG#5LVNV1##8QLYHUVLW\#RI
&KLFDJR1##)LQDO#5HSRUW#IRU#WKH#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\1##-DQXDU\1

7ROOH\/#*HRUJH/#'RQDOG#.HQNHO/#DQG#5REHUW#)DELDQ/#HGV1##4<<71#9DOXLQJ#+HDOWK#IRU#3ROLF\=##$Q#(FRQRPLF
$SSURDFK1##7KH#8QLYHUVLW\#RI#&KLFDJR#3UHVV1

8161#'HSDUWPHQW#RI#&RPPHUFH/#(FRQRPLFV#DQG#6WDWLVWLFV#$GPLQLVWUDWLRQ1##4<<51##6WDWLVWLFDO#$EVWUDFW#RI#WKH
8QLWHG#6WDWHV/#4<<5=##7KH#1DWLRQDO#'DWD#%RRN1##445WK#(GLWLRQ/#:DVKLQJWRQ/#'1&1



The Benefits and Costs of the Clean Air Act, 1990 to 2010

H-47

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\#+8161#(3$,1##4<<71##'RFXPHQWDWLRQ#IRU#2]02QH#&RPSXWHU#0RGHO
+9HUVLRQ#513,1##2IILFH#RI#$LU#4XDOLW\#3ODQQLQJ#DQG#6WDQGDUGV1##3UHSDUHG#E\=##0DWKWHFK/#,QF1/#XQGHU
(3$#&RQWUDFW#1R1#9;'63363/#:$#405<1##$XJXVW1

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\#+8161#(3$,1##4<<81##+XPDQ#+HDOWK#%HQHILWV#)URP#6XOIDWH#5HGXFWLRQV
8QGHU#7LWOH#,9#RI#WKH#4<<3#&OHDQ#$LU#$FW#$PHQGPHQWV1##3UHSDUHG#E\#+DJOHU#%DLOO\#&RQVXOWLQJ/#,QF1
IRU#8161#(3$/#2IILFH#RI#$LU#DQG#5DGLDWLRQ/#2IILFH#RI#$WPRVSKHULF#3URJUDPV1##1RYHPEHU#431

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\#+8161#(3$,1##4<<91##$LU#4XDOLW\#&ULWHULD#IRU#3DUWLFXODWH#0DWWHU/
9ROXPH#,,,#RI#,,,1##2IILFH#RI#5HVHDUFK#DQG#'HYHORSPHQW/#:DVKLQJWRQ#'&1##(3$2933230<82334F)

8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\#+8161#(3$,1##4<<:##7KH#%HQHILWV#DQG#&RVWV#RI#WKH#&OHDQ#$LU#$FW/#4<:3
WR#4<<31##3UHSDUHG#IRU#8161#&RQJUHVV1##2FWREHU1

9LROHWWH/#'101#DQG#/1*1#&KHVWQXW1##4<;61##9DOXLQJ#5HGXFWLRQ#LQ#5LVNV=#$#5HYLHZ#RI#WKH#(PSLULFDO#(VWLPDWHV1#
5HSRUW#SUHSDUHG#IRU#WKH#8161#(QYLURQPHQWDO#3URWHFWLRQ#$JHQF\/#:DVKLQJWRQ/#'1&1##(3$05630380;60
3351

9LVFXVL/#:1.1##4<<51##)DWDO#7UDGHRIIV=#3XEOLF#DQG#3ULYDWH#5HVSRQVLELOLWLHV#IRU#5LVN1##+1HZ#<RUN=#2[IRUG
8QLYHUVLW\#3UHVV,1

9LVFXVL/#:1.1/#:1#$1#0DJDW/#DQG#-1#+XEHU1##4<<41##´3ULFLQJ#(QYLURQPHQWDO#+HDOWK#5LVNV=#6XUYH\#$VVHVVPHQWV
RI#5LVN05LVN#DQG#5LVN0GROODU#7UDGHRIIV1µ##-RXUQDO#RI#(QYLURQPHQWDO#(FRQRPLFV#DQG#0DQDJHPHQW
534=#6508:1

9LVFXVL/#:1#.LS1#4<<51#)DWDO#7UDGHRIIV=##3XEOLF#)#3ULYDWH#5HVSRQVLELOLWLHV#IRU#5LVN1#2[IRUG#8QLYHUVLW\#3UHVV=#
1HZ#<RUN1

9LVFXVL/#:1#.LS1##4<<61###´7KH#9DOXH#RI#5LVNV#WR#/LIH#DQG#+HDOWK1µ#-RXUQDO#RI#(FRQRPLF#/LWHUDWXUH1##64+7,=##4<450
791##2FWREHU1

:LWWHOV/#(1+1/#-1:1#+D\/#DQG#$101#*RWWR/#-U1##4<<31##´0HGLFDO#&RVWV#RI#&RURQDU\#$UWHU\#'LVHDVH#LQ#WKH#8QLWHG
6WDWHV1µ##7KH#$PHULFDQ#-RXUQDO#RI#&DUGLRORJ\#98=#76507731

:RUOG#+HDOWK#2UJDQL]DWLRQ#+:+2,1##4<<91##)LQDO#&RQVXOWDWLRQ#RQ#8SGDWLQJ#DQG#5HYLVLRQ#RI#WKH#$LU#4XDOLW\
*XLGHOLQHV#IRU#(XURSH1##%LOWKRYHQ/#7KH#1HWKHUODQGV##5;064#2FWREHU/#4<<9##,&3#(++#34;#9'<9
51441



The Benefits and Costs of the Clean Air Act, 1990 to 2010

H-48

>7KLV#SDJH#OHIW#EODQN#LQWHQWLRQDOO\1@


